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Suimary

Innovations 1in teacher training are often dependent on
observational data. The problen of neasuring reliability
of observations collected by a team is due to (1) the
difficulties of maintaining an observer team intact over
an extended period of time and (2) observing each teacher
a nuriber of times, or nore than once. These two
conditions are normally required if one is to 'apply the
Analysis of Variance (ANOVA) model proposed by Medley and
Mitzel in 1963,

Thils study presented a number of different ANOVA nodels and
the administrative conditions under which they were to be
applied such that the partitioning of the sources of
variation and the calculatlon of reliability coefficients
could be rcarried out. Specilfically, a model was deslzgned
for the observer team situation in which the team

visited a number of different teachers only once and where
the team did not necessarily contaln the same members for
all visits., The paradigm was developed for situations in

‘which there were n observations per iten per observer and

alsc for the situations when there was only one observation
per iten per observer.

The nodel was applied to data collected by teamns of
observers Ifroil the uge of an observatlon schedule of
teacher and pupil classroon situations and behaviors. The
schedule ltens were teacher mobility, involvenent of
chlldren, materials present, materials in use, directed
behavior, spontaneous behavior, and irrelevant acts.

The reliabilities of the mobllity, involverent of children,
and lrrelevant acts were .72, .67, and .69, respectively.
The overall reliability coeffilcient of .37 and the
varlance components of .38, .18, and .07 for the items,
interaction, and error termns respectively indicated that
the teacher and itern factors accounted for 75% of the
total varilance,

Future research which would field test and conmpare
different adminilstrative situations and their respective
reliability coefficlents calculated from the appropriate
designs was recomnended,




CHAPTER I
Introduction

Teaching is often considered an applied science or art.
This concept would lead one to expect that a good deal
.of research on teaching has been done by observing the
classroorn where the underiying educational principles
are actually applied. Medley and Mitzel, in referring
to the paucity of such research, stated:

Certainly there 1ls no nore obvious approach
to research on teachlng than direct
observation of the hehavior of teachers
while they teach and pupils while they
learn, Yet it is a rare study indeed that
includes any formal observation at all
(Medley & Mitzel, 1963, p. 247).

In recent years a number of different classroon
observation schedules which pernit the c¢lagsification
of' teacher and pupil behaviors into a variety of category
schernes have bheen formulated. Although not explicitly
stated in most instances by their originators, the
underlying rationale for many observation schedules
. Wwas that given by Soar who stated ". . . it is possible
<. to_ldentify and measure a common core of teacher-
pupil classroon behaviors which are basic to most, if
not all (important) aspects of pupil intellectual,
personal, and social growth"(8dar, 1966, p. 2).
Medley (1967) indicated that the theoretical formulation
behind the construction of the Observation Schedule
and Record (OScAR) consisted of the relationship between
three levels of fteacher behavior and effectiveness.
The levels consisted of the variables related to
classroorn climate, the conducting of learning
experiences, and the malntaining of rupil involvenent.

The advent of these schedules has actually made possible
the increased application of research technology to a
wlde wvariety <l educational problems such as gchool
program evaluation and teacher preparation progran
evaluation. The schedules have also facilitated the
developnent of theories of teaching. Certalnly, data
drawn directly from actual classroom behavior provide

a nore adequate sarnple of the teaching-learning situation
f'rom which inferences can be drawn on the worth of a
progran, than do such ad hoc factors as pupll
achieverient or attitude toward the '"new" program.




Observational data, unfortunately, besides being expensive
to obtair, is nc more precise an index of actual behavior
than the team's ability tc observe and classify accurately
that which transpires in the classrccm. Therefore, what

is required is not merely a well trained te=m, but a team
whose members see and report the same things with accuracy
and consistency so that in effect the data reported by
different members of the team are comparable. To insure
maximum comparability and minimum variation of data collected
by the members of the cbservation team a schedule is usually
devised. The schedule, by listing the cues tc be responded
to, helps to minimize the observer error. Thus the
usefulness of observational data is to a great extent
dependent on what has been called inter-observer agreement
or reliability.

In the past the reliability of observation schedules has
usually been zxamined through correlation analyses which
yielded a measure of inter-observer agreement between only
two observers. During the five years from 1958 to 1963 an
analysis of variance (ANOVA) technique (Medley & Mitzel,
1958a, 1963) using a factorial design was developed which
permitted the variance to be partitioned into its component
parts and the calculation of an overall reliability
coefficient. The application of this model required that the
same observers visit the same teachers a number of times.

The logistical problems involved in applying this ANOVA model
have made it administratively unfeasible and to date very
little use has been made of this method of calculating
reliabilities. What was required in order to make the ANOVA
technique more applicable? What assumptions and restrictions
would have to be imposed if the technique were to be
statistically valid? These were some of the basic questions
which this study addressed itself to and sought to answer.

Statement of the Problem

The purpose of the study was to investigate the conditions
under which an ANOVA model or models could be applied tc the
calculation of an overall reliability coefficient and the
partitioning of the sources of variation into its component
parts of an observational schedule without requiring the same
administratively unfeasible conditions as the original model.
The general models were then applied to the data obtained on
the School University Teacher Zducation Center (SUTEC)
Observation Schedule. The purpose of this application was to
make explicit the steps that were required in order to apply
the more general model to a specific instance.

To this end, the study investigated and endeavored to answer
the following questions:




1. Which variables and interactions between variables
were to be expected when dealing with observation schedules
that were, and may continue to be, usec +o study classroom
behavior?

2. What was the difference between a “vandom" and a
"fixed" factor as far as the model was concerned? Which of
the variables identified in question 1 were "fixed" and which
were "random?"

3. Was it possible to consider the original factorial
model (Medley & Mitzel, 1958a, 1963) as a repeated measures
design? If so, what difference would this make in +he
general analysis?

4. Under what conditions could designs different from
the original design be developed and applied to make them
more administratively feasible?

5. What was the relationship between analysis of
variance and the reliability of an observational schedule
defined in terms of the variables and sources of variation
inherent in an observation schedule?

6. What assumptions had to be made to malke possible
the application of the general model or models to the
specific observation schedule data available--namely, the
SUTEC data?

7. In general, how can the reliability coefficient and
the variance components be used to estimate the percentages
of the variance attributable to the factors involved?

Definition of Terms :

A number of terms employed during this investigation required
definition. However, the more technical terms which pertained
to the ANOVA models such as "random," "fixed," "finite,"
"ecrossed," and "nested" factors are discussed and defined in
the section of Chapter II on Statistical Procedures. The more
general and less statistical terms that needed to be defined
were: observation schedule and observation team.

Observation Schedule. For the purpuses of this investigation
the term observation schedule was defined as a series of
selected items that categorized and/or described those
classroom behaviors of teachers and students and/or settings
to which trained observers were directed to attend. The
items were typically formalized into a category scheme and
prepared in a form (list, grid, etc.) which permitted rapid
recording of observations. :

-




Observation Teari, TFor the purposes of this investigation
Observation team wvas defined as the sroup of people who
were trained to collect classrooil data throuzh the use

of' an observation schedule,

Significance of the Problen

IT has been indicated that an ANOVA rmodel to calculate
reliabilities of observation schedule data has been
fornulated, This theoretical approach, specifically
geared to the variables pregent in a classrooil observation
situation, wvas first proposed, and subsequently further
developed by liedley and Mitzel (1958a, 1963). However,

to date very little use of this ANOVA nodel has been
reported in the literature.

It is believed that the gzeneral lack of application of
thls model in the past to studies involvinzg observation
Teans was in large measure due to the practical
difficulties involved in its application., Maintaining
an observation team intact over an extended period of
Tine and beiny permitted to vigit the same classroons
and teachers a number of times is difficult and rather
expensive, Both of these conditions, however, using
only the same observers and the same teachers, are
necessary if one 1ls to apply the previosly discussed
ANOVA iu0del. Practical research adninistration problens
usually force the researcher to train his team by having
all the nembers of the tean visit a classroon together
after they have becoile sonewhat faniliar with the
ocbservation schedule that they will use. Subsequent

to the first vigit a group discussion is then typlcally
followed by a visit to another teacher. This procedure
is followed until there is a fair arnount of agreenent
between observers at which point the members of the tean
are sent out individually to observe the teachers who
are the Ss of the study. The presently available ANOVA
techniques do not apply to analyses of observer team data
under these frequently prevalling conditions.

This study therefore wWas devoted to the development and
application of an ANOVA model or nodels applicable to
conditions when the observer teail did not necessarily
have the same obgervers and when the observation of a
glven teacher dié not necessarily oceur many tines.

The assunptions and procedures necessary in order to

apply the general iiodel to a specific case were also nade
explicit., The developnment of the riwodel nakes possible the
broader and rore precise use of observation team data in

a variety of educational problen situations and thus nakes
feasible nore accurate appraisals and evaluations than are
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currently poscible. At the same time, the availability
of another method of neasuring the reliablility of
observation data may ald in directing a greater research
effort to the place where the teaching-learning process
is carried on--the classroon.

Limitations of the Study
This study was Iinited with respect to the following
factors:

l. Applicability. The inherent complexity of the
subject puts the reliagbility calculation beyond the
present tralning of many research workers, although the
adninistrative requirements have been sinplified.
Therefore, the anticipated greater applicability of
observation data, in general, and the ANOVA mnodel, in
particular, nay not occur.

2. Validity of the Schedule., The nodels developed in
this study dealt only with the problen of the reliability
of observation schedules. At the same time the sources
of variation, expected mean squares, and the percent of
variance attributable to various sources were calculated.
However, the foregoing in no way answers questions
pertaining to the appropriateness, usefulness, validity,
etc. of the items comprising the schedule. Therefore,
the validity of the SUIEC Observation Schedule is stilil
highly questionable and although the calculated
reliabilities may be numerically acceptable they may be
neaningless. This linitation is clearly a function of
the construct validity of specific schedules and is
directly related to the underlying rationale of each
schedule and its originator®s philosophy or theoretical
framework and is therefore beyond the scope of the
present investization.

Review of Related Research

During the last 20 years a number of observation schedules
which purport to neasure classroon behaviors and/oxr - '
settings have been fornulated and used. Many of the

newer instrunients such as the Observation Schedule and
Record (0OScAR) developed by Medley and Mitzel (1958b)

may be considered as refinemnents or amalgamations of parts
of previously proposed schedules. OScAR was actually
based on the category schedules of Withal and Cornell
(Medley & Mitzel, 1958b, 1963) and was supposed to rlleasure
ernotional climate, verbal emphasis, and social structure.
A thorough review of the many catezory scheres and their
uses for the period up to.1963 is available (Medley &
Mitzel, 1963) and need not be repeated.

-5-




In developing or using an observational schedule a problem
that must be faced is that of the reliability of the data.
The problem of the reliability of observation data has
usually been treated in terms of the per cent of observer
agreement or in terms of an interclass correlation between
two sets of observations. In the latter case a Pearson r
or a rank order coefficient has usually been used. Not
only was this so prior to 1963 (Medley ¢ Mitzel, 1963), but
a review of the more current literature seemed to indicate
that this was still essentially true.

For the purposes of this review the studies dealing with

the reliability of observation data that were investigated
were grouped under two main headings: +traditional
reliability calculations, and other methods of calculating
reliability. The reports that used the traditional methods
will be considered first and will be followed by the studies
which used methods other than per cent of observer agreement
and/or the Pearson Product Moment coefficient of correlation
or its equivalent parametric or non parametric counterparts.
Studies which did not involve classroom situations wepe
included in the review since the techniques of measuring
reliability were the central issue rather than the content
or discipline of the application. This sectioning was done
to provide a frame of reference and when a study fitted into
both categories this categorization was not strictly adhered
to.

Traditional Methods of Calculating the Reliability of
Observational Data

The review cited earlier (Medley ¢ Mitzel, 1963) was not only
replete with the various observation instruments up to 1963
but also contained fairly complete information on the
reliability calculations of observation data up to that time.
Because of the great familiarity of many research workers
with the traditional concepts of reliability and the lack of
any additional contribution which might ensue from a second
review of the period up to 1963, this section was devoted
only to studies reported after 1963.

Ojemann and Snider (1964) reported on the developnment

and scoring of an observation form that was to evaluate
part of the Preventive Psychiatry Research Program of

the University of Iowa. The aim of +the program that was
being evaluated dealt with the construction of curricular
materials that would help children acquire an
understanding and appreciation of the dynamic nature of
human behavior. That is, the materials were to help




the children develop a causal approach to their social
énvironnent, 7o fulfi1ll this ain a teaching progran
in "behavioral Science" was constructed,

The observers who were to do the observing were trained
during the Spring preceding the form's actual use, The
training congisted of g Broup discussion of the 1tenms
conprising the Gbservation Schedule, prelimninary
observation of three children by each observer, and

gubsequent Eroup discussion and clarification of the
Tens, , .

Following thisg training a study of the rellability of the
instrunent was carried out. Two observers, I and II,
carried out sirwmltaneous Observation on 32 fourth grade
Ss. Sinilar observations were conducted by Observers

IT and IIT on 2 clagss of 28 fifth grade Ss. The
correlation between the behavior scores of the two

Oobservers were .69 and ,67 for the fourth and fifth
grade §s respectively,

Rusch, Denny, and Tves (1964) reported on the developrient
of a test of creativity in the dramatic arts. part I

of the test was Oobjective and burported to measure fluency
and redefinition, The S listened to a tape-recorded

story and was shown a plece of cloth. The S then 1listed
the number of ways the materigl night bve used 1in putting
on a play of the story, Fluency was deternined by the
number of responses glven and redefinition was scored

as the number of unusual uses suggested for the object.

A similar procedure was used for a piece of driftwood
and gone rnood rusic,

Part II of the test consisted of the g's writing a short
description of how he would produce a scene from the

story he hag heard, Part IT was rated on a five point
Scale for Oorizglnality and Sensitivity by three independent
evaluators., Two groups from two sixth grade classes wepe
natched on Iq, reading achievenent, ang sex. The 47
eleven and twelve year olds were given alternate forms

of the test in the fall ang spring of 1959. fThe
reliability of Part T of the test ranged fron .38 to .67,
The reliability of part IT, which required value Jjudgnents
on the part of the raters, was given in terns of per cent
agreerient. Per cent of agreerient was given in terns of
raters T and II, I and III, II and III, and ranged from
8.7% to 69.0% for sensitivity and 2,29 to 66.7% for

- Originality,

Courson (1965) was interesteq in whether inference as 3
technique for Zathering data was an acceptable research
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. tool. He indicated that thisg problern was esgentially a
question of the reliability of the data. To tect his
hypotheses about interscorer rellability and stability
of data based on inferences he studied the reliability
of inferences of trained observers on saiples of
sirulated behaviors., The S8 were 64 hizh school seniors
each of whori wrote an assigned projective essay on the
topic of "A Teenager's Advies to the Vorld" and an
€ssay 1n response to the silwltaneous presentation of
Cards 1, 4, and 20, of the Theratic Apperception Test.
The three raters were trained in the use of the nine
point Perceptual Factors Rating Scale which: contained
the thrce itens: T

l. How does this persgon see hirnself?
2. To what extent ig this perzon identified with otherg?
3. To what extent is thisg person open to his experienze?

Bach obgerver's ratings were correlated by calculating

a Pearson coefficient. A rionth after the ratings were
coiipleted each observer rescored a sanple of 10 of the
€ssays and a correlation between initial and final
ratinzs was calculated. The interscorer r's ranged fromn

.38 to .55 and the stability coefficients ranged fromn
.72 to .84,

Maas (1965) investigated the relliability of adjective
rating scales. 4 scagled expectation rating scale was
constructed as follows: Plrst, a cormittee of interviewers
who were familiar with the Job to be performed established
the traits that were to be performed. Second, exarples

of on the job behaviors which illustrated high, average,
and low dezrees of the frait were written, Third, the
traits were reallocates back into traits and levels by
independent judgzes. ¥ourth, only those exanples with
corplete agreement as to trait and level were retained.
FPinally, the remaining examples were arranged on a
continuous vertical scale with each exarnple at its

proper scaled level for the trait. An Interview guide
with the weizhts for each trait at the back of the trait
Pages was prepared for use with the scaled ratings,

Maas then compared the reliability of the traditional
adjective rating scale with the scaled expectation rating
method and found significant differences in favor of the
latter., During the rirst vear of study 360 Cornell
University underzraduates were interviewed twice in the
traditional nanner. The questions on the second interview
differed slizhtly fron those on the first interview, and
therefore the inter-interviewer reliability actually
consisted of inter-interviewer and S reliability. The

~8-




Pearson correlations were .35 for the trait scores, .34
for the overall rating, and .34 for the grand total score.
The followingz year, using the same procedures, 500
candidates were interviewed using the scaled expectation

- rating technique. The correlations this tine were .58,
47, .55. Subsequently, the scaled rating technique was
used by three interviewers, interviewing 188 and 172
candidates for female and male dorm counselors,
respectively. When interview guide and candidate
reliaghility were held constant, inter-interviewer
reliability was found to be .69 for the trait scores, .65
for the overall rating, and ,72 for the grand total.

Bobbitt, Gordon, and Jensen (1966) studied the continued
inter-observer agreerent of pairs of observers for a two
and one-half year period. The data were collected on three
groups of four mother-infant pairs of pigtail rionkeys
for five random 10 minute gamples of behavior per week
for 26 weeks., A pair of observers simultaneously scored
the behavior of mother and infant for one of the 10
ninute periods per week. Prior to this study the
Observers were required to attain a .75 agreenment
percentage criterion where agreement percentage is equal
to the ratio of the responses agreed on to the total
nuriber of responses., Following each observation an
agreenent percentage was calculated and a discussion of
the observation was held. The dimensions neasured were
positlion, posture, locomotion, visual, oral, and
rmanipulation. For all groups the total agreement
percentage was .79 with all dimnensions ranging fron .75
to .89 except for the visual dimension which was..55.

Zunich (1966) studied the relationship of child behavior

“1d parental attitudes of 18 boys and 18 girls whose ages

in years and months ranged from 2-9 to 5-0, Direct
observation of the children, utilizing a time sanpling
technique of five minute duration and predetermined .
categories, was contiucted through a one-way mirror. The ‘
categories observ 1 were: asking permnission, contact, ,
cooperation, criticism, directing, indications of anxiety,
interference, non-cooperation, playing interactively,

praise, reraining out of contact, restricting, seeking
attention, seekinz contact, seeking help, seeking
information, seeking pradce, and suggests.

Reliability of the observatilons was calculated in terns of
the percentage of agreement between two observers who
recorded the behaviors of children who were not included
in the study. Behavior was recorded  sirwltaneourly and
independently by two observers during 30 five-ninute
periods with an observation being made every five seconds.

-0 -
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The nunber of agrec:ents divided by 60, the total number
of obhservations for a [ive-ninute period, was equal to
the percentaze of azreement. For the 150 minutes of
observations, the 30 five-ilinute periods, the reliability
ranged froi: .83 to .97.

Bloon and Wilengky (1967) constructed an observation scale
to rneagsure the behavior of teachers, The scale was based
on a Skinnerian framework and contained the following

four catezories: information ziving, response elicitation,
feedback, and teacher control.

The Ss of the study were 72 underprivileged nursery
children. Tach observation lasted five minutes and was
prorated if the activity ceased during the observation,
For each of the observational categories, the inter-~rater
reliagbilities, based on 26 five-minute observational
perlods exceeded .90,

In the developuent of the Behavior Survey Instrument, an
observation sheet zeared to Head Start and other specilal
prograns in early childhood education, Katz, Peters, and
Stein (1968) used the agreement percentage as thelr

neasure of reliability. An overall agreement percentage

of 8U4.6% was attained by simultaneous independent
observation of the gane 83 and was based on the seven
categories which were: tTask orientation, satislaction,
motivation, coznitive, motility, interpersonal behavior,

and situation. The range for the categories was .04 to .98.

Brown, Mendenhall, and Beaver (1968) developed the Teacher
Practlices Observation Record (TPOR) which attempted to
neasure the agreenent of teachers' observed classroonl
behavior with educational practices that were advocated.

by John Dewey. The TPOR had seven categories and contained
a total of 62 itemns. The categories were: nature of

the situation, nature of the problem, developrent of ldeas,
use of 8ubiject natter, evaluation, differentiation, and
notivation control. Five filmed lessons were oObserved

in 1964 by 130, 124, 119, 119, and 67 observers who
received only a 10 ninute explanation of the instrument,
The observers were drawn from two large midwestern
universities and east coast and west coast teacher
training institutes. The observer judzes were
occupationally, colleze supervisors of student teaching,
education prcfessors, and acadeilic professors. NoO
significent differences were found between any ol the
Zroupsg on films 1, 2, 4, and 5. There was a significant
diff'erence on film 3 between supervisors of student
teachinz and both education and acadenic professors.
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In 1965 films two and four were observed once again by O 69
and 72 of the judzes Pearson coefficients for the
observers! total scores within a given viewing and for
the repeat viewings were calculated and ranged fron .36
to .93 and .27 to .65, respectively. Correlations for
each 10 ninute seznent of each 30 nminute filir were also
ziven and ranged fromn .52 to .T71.

Suwimary of Literature on Traditional Methods of Calculating

Reliability of Observational Data

In swmarizing the research reported in this section, one
must be mindful of the fact that each of the studies used
a different research desingn. This was as 1t should be,
since each investigation was essentially considering a
different problern. There were differences in the
instruments employed, the number of subjects who
participated and the hypotheses beings tested.

With the exception of one study (Brown et al., 1968),
which will be considered again in the next section of this
report, all of the studies reviewed were concerned with
the reliability of thelr observational data as a

secondary probleri, Because other problernis were of primary
importance, reliability considerations were often treated
in a superficial fashion. These -studies all had in conron
thelr traditional method of calculating reliabilities, i.e.
percentage of agreenient or Pearson r, or their equivalents,
The question of whether or not these methods or reliability
calculation were the best ones available, or should even
have been employed were for the most part ignored or at
best cursorily treated.

Recent Methods of Calculating the Reliability of
Observational Data

Scott (1955) developed an index of interscorer agreement,
Pl, for nomninal scale coding That is, Pi was to measure
Interscorer agreerient when the coding dimensions were not
ordered along cqual intervals or alonz a dimension of
"more or less of some attribute, The index, Pi, was to
be used in survey and observational research where the
typical procedure had usually called for one coder to
analyze and code interviéw data. The data were then
catezorized by a second rater, and then a conparison
between the two analyses was nade. These analyses were

- followed 2y a conference hetween the two raters to enable

then to arrive at their "best" judgment.

The 1ilue of Pi was equal to the ratlo of the difference
between the percentage of actual azreenent and the
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the agreement expected on the basgis of chance to the
difference betueen maxinuil chance azreeilent and azrcenent
expected on the hasis of chance, .

Symbolically,
Pi = (P, ~ Pg)/(1 - Pg)
where P, was the percentaze of azreerent between the two

independent analysts, and Pe was the per cent of agreenent
to be expected on the basis of chance.

The expected per cent azgreenent for the dimension was
equal to the sum of the squared proportion over all
cateories.

Syrbolically,

; (p2)
P = SUM{p3
€ f=1 L

where k was the total number of categories and py was the
proportion of the entire sample falling into the ith
catesory.

As an illustration of the iethod Scott (1955) calculated
the value of Pi for the question "what sorts of problens
are y%ur frievrds and neighbors nost concerned about these
days?

Nature of Problen Per Cent of All Responses
Economic problens 60%
International problerns 5%
Political problens 10%
Local problens 20%
Personal probleiis 3%
Not ascertained 2%

Therefore, Po = (.560)2 + (.05)2 + (.10)2 + (,20)% + (.03)2
+ (.02)2 = 1. '0n the basis of an assuned 80% agreenent
between observers, the index of inter-coder azreeilent was:

_P_g; (.80 - .b1)/(1 - .41) = .67

In his discussion of observer reliability for his verbal
catezory systen, Flanders (1960) estimated interobserver
agreenent throuzh an adaption of the Scott (1955)
coefficient, Pi. Rather than actually using the foriwula
to calculate Pg and Pi, he (Flanders, 1960) developed
approximations to Pe which were based on zraphic estimates.

~12-




sk S LTI 7 g
G 4 K3 ) S

The graphic estinmate of P. was then followed by a graphic
estinate of Pi.

Two observerg were trained to use the Flanders syster
which contained seven teacher, two pupil, and one general
catezory as follows: Teacher accepts feeling, teacher
praises/encourazes, teacher accepts/uses ideas, teacher
asks questions, teacher lectures, teacher 3ives directions,
teacher criticizes/Jjustifies, student responds, student
initiates, and silence/confusion. The proportion of
tallies of the observers in each category was found and
was used to calculate P,. The value of P was also
estlmated graphically for both observers. The values of
Pi using the calgulated and estimated value of Pe were
855, .853, and .854, respectively. A critical ratio
comparing these values was not carried out, althouzh such
a critical ratio calculation was possible (Scott, 1955),
because it was obviously unnecessary.

Furst and Amidon (1967) used Flanders' interaction analysis
to investizate differences in interaction patterns between
elenentary school teachers of different subjects and of
gradeg one throush six. One hundred sixty classroomn
observations, one-third in "ghelto," one-third in suburban,
and one-third in urban "middle" sociloecononic level
schoolg, were carried out, There were a nininun of 25
observations at each zrade level with at least five
observations in the areas of arithmetic, social studies,
and reading at each zgrade level.

The observer was trained and then practiced categorizing
tape recordings of actual classroom sessions until a
Scott coefficient of intra observer consistency of ,99
was attained. The observer then observed three classroori
Situations with different trained observers present
during these vigits. The interobserver reliability
coefficients were .90, .87, and .92 for the three
simultaneous observations.

The results showed that first, second, and sixth zrade
teachers did more talkingz in social studies than ir other
subject areas, Third, fourth, and fifth =rade teachers
did more talking in arithmetic. Student talk was lowest
in ~»rade one and two and highest in grades three, four,
and five in social studies.

Medley and Mitzel (1958a) developed and applied an ANOVA
technique to the reliability of observational data. The
iodel assumed that ¥ teachers were visited n tines each
by a team of n observers. The assuaption of linearity of
variances was explicitly stated by The equation
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Xijk = Ti 4 Vj + Iij -+ elgk
in which all the variables actually represented deviations
froil their rcspective means. The variables in the |
equation were defined as follows: Xijk was the
deviation froil the mean of all valueg“assigned to teacher
1 during visit j by observer k. T; was the deviation
from the nean of all obgervations associated with teacher
i, V4 the deviation associated with visit j, Ijj the
deviation of the interaction between teachers and visits,
and ej ik the deviation of the residual for teacher 1 on
visit 3 in obsgervation k. Based on these definitions,
I;+ was viewed as visit error for teacher i on visit J
ané ejjik as residual or observer error. Error was
therefore considered to have two components. The first
was due to a lack of stability of teacher perforiiance and
the "observer" error resulted from the discrepancy between
two records of the same teacher performance made by two
observers.

The above equation permitted the taking of mathematical
expectations and yielded

2 22 o2 2

Op = O + 05 + ofy + O
wherg o% was the total variance for_all the observations
X, Og was the variance of the Ty, of of the V;, of, of the
Ijjs and 02 of the ejji.

Based on the above, a rellability coefficient based on a
8ingle observation was given as

2 2 2
R =o; / (of + 0f, + 0°)

where the nunerator on the right, o%, was the "true score"
variance., This rieant that the true score of interest was
Ty, the mean of all performnances of teacher i on all
occasions J on which a visilit was possible. The authors
(Medley & Mitzel, 1958a) indicated that the of variance
couponent was removed because they compared teachers who
had been visited equally often. Sirice the scores were
neans over all vigits the visit effects cancelled out.

A second reliability coefficient, R', was defined as
2 2 2 2
| R
R -(o,c+c'tv)/(o~t+o:cv+oz)
in which the true score was considered to be the perforiance
of teacher i on visit j. This coefficient was actually

equivalent to a coefficient of observer agreenent which
usually is calculated as a Pearson r. Here, the
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fluctuations in teacher performance were considered part
of "true score" variance because they were observable by
all observers present on a parfticular occasion.

The reliabillty of the nean of a nuber of scores assigned
to the same teacher, R, was defined in terms of observer
team size n and number of visits mn

Ryn = mnc% / (mnc% + nc%v + 02)

Estimates of R, R', and Rrm were imade frori an ANOVA which
was based on the assumptions that Tis Vs, L4, and eq 4,
were normally and independently distrib&ted fn repea%ga
randon sampling with zero means and with variances of

og, o2, OQV, and 0%, respectively. The ANOVA is
reproguceg in Table 1.

Table 1
Medley and Mitzel Reliability ANOVA

Mean Squares

source of Variation d.r. Observed.- - Expected
. '2 V
Teachers , N-1 Sy 02 + NOc, + Mnc%
Visits =1 g2 0" + no2 + Nno2
v tv v
Visit Error (N-1)(na-~1) sgv * + no%v
Observer Error Nii(n-1) 52 o°

The ANOVA technique was then applied to the Cornell and
Vlithall techniques. In the first instance, six observers
visited 33 teachers in teans of two such that each observer
Visited each teacher once. In the second, two observers
vlsited four teachers eight times.

The nodified Cornell schedule contained the following
eizht scales: activity, variety, pupil climate, teacher
clinate, social organization, differentiation, pupil
initiative, and content. Both the reliability coefficient,
R, and the coefficient of observer agreenent, R!', were
calculated for each scale and were: .41 and .63, .42

and .42, .00 and .00, .32 and .32, .37 and .66, .35 and
.64, .00 and .43, and .00 and .23, respectively. The
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modified Vithall catezories were: learncer-supportive,
probleil-structuring, neutral, directive, reproving and
clinate index., The reliability and observer agzrcciient
coelficients were .25 and .90, .50 and .68, .00 and .50,
.50 and .97, .00 and .88, .47 and .96, respectively.

In their later paper (Medley & Mitzel, 1962) in which the
nessureilent of classroonl behavior by systenatic observation
was discussed, the ANOVA technique for ieasuring the
reliabllity of observations was further elaborated. This
more complete analysis is given in Table 2 and assuned

that scores were available for class c on 1 items

recorded by r observers on s visits or situations. A
typical score was therefore indicated as Xopiss

The adaption of this ANOVA to a specific instance was
dependent on three rulesgs. The first was to substitute
specif'lc nunerical values for literal ones, drop any
line with zero degrees of freedoi, and change the last
remnaining line to "residual." The second was to onit
from the expected nean squares in the renaining lines
all the conponents whose line had been dropped and also
the component that corresponded with the new "residual.”
The. third rule was to omit any component in any of the
reraining lines that contained a subscript of a "fixed"
variavle., Tiils rule applled Lo all vut the Cirgv
corponent on any line which was never omitted. A '"fixed"
variable was a variable without an infinite nuaber of
values in the population.

The calculation of the reliabllity of observational data
vas based on the standard definition

2 2
Rho = o, / o%

Based on q recorders, J itewns, and t situations (referred
to earlier as r, i, s, respectively) the variance of the
population of the true scores was defined as

: a2 2
0% = (qjt) ot
)

where X, .. was the "true score" and o was the first
camponen%Jshown in Table 2. The general expression for
the variance of the actual scores of all the teachers
in population about their own nean, oﬁ, was defined as
d§ = qjt(q5to§+5to§+qto§+qjo§+5ta§r+qto§i
+QJ°%s+t°%i+3°§s+q°§s+t°%ri+3O%T5+qo§is
2 |
+O}1S+02).
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Table 2

Medley and Mitzel Expanded Reliability ANOVA

Source OQbtained Expected
of d.f. Mean Mean
Variation Square Square
2. 2 2
1. Class (c) c-l 35 risqg+isog,, +rs<3'2i
+rio§5+soeri+1cbrs
+r0010+02
2. Recorder (R) r-l 85 cisc'r+isobr.+cso2
+ClO'2 +Sg2rl+lo§rs
3. Item (I) 1-1 sf crscg+rsobl+cuckl
+ero? +sc§rl.r02
cis
+co§ls+c
2 2 2
L, Situation (S) 5-1 Sg 0“102+rloés+cic "
+eros_+ios _+rda.
is" —sers T Cis
+eol, +0°
S1)(P-1) 55, 1sobneo?. . 4pe?. 4o
5. CXR (c gr 80% #8051 +r00, +
.« CXI (e-1)(i-1) Sgi rso%i+sa‘§ri+roa +o°
7. CXS8 (c-1)(s-1) 8.g r102 +i02 S+ro§ls+02
. 2
8. RXTI (r-1)(i-1) S Csoei+sobr1+°°§13
- - 2 2 2 2
9. RX S (r-1)(s-1) Spg 0102 +l°5rs+°°fi +0
10, I Xs (1-1)(s-1) ,Sis cro2 +ro§ls+co +02
. 2 2
11, CXRXT (c=1){r-1)(i-1) sg”"- S"gm*"'
12. CXRXS (e-1)(r-1)(s-1) Sops 1°§rs+°2
13, CXIXS (c-1)(i-1)(s-1) sﬁis c1s+°2
. 2
4, RXIXS  (r-1)(i-1)(s-1) Spig CODjg+0°
15. Residual (c-1)(r-1)(i-1)(s-1) s2 g°




The rule for adapting this cxprezsion to a particular
instance was to dron any commonent whose gcubscripts
reilained constant in all obtained scores. For _exaple,
if the sane items were used in all classes qtc% would be
dropped froi the equation defining ci.

D
Once 02 and oﬁ have beeid defined, linear ecuations were
. obtained by settinz the actual mean squares, which were
, unbiased estimates of the expected mean squares, cqual
to thelir respective expected nean squares., The gsev of
linear equations thus obtained was solved and yielded
values which estimated the parameter values from the
saiple valueg, The results were as ziven in Table 3,

The rodel was then applied to data available on "pupil
interest" scores frorn OScAR3F. The data were collected
by two observers in five situations in 24 classes. The
ziven application first congsidered ltems and situations
finite and recorders infinite, and then iteng {inite and
situations and recordersg infinite.

It was pointed out that the proposed reliability calculation
did not require the assumption of noriality of the
distribution, Thigs was s0 because the expected nean
squares, upon which the reliability calculation depended,
did not require that o~e asgune a normal digtribuition,
However, olrten one wished to test hypotheses rejarding
the value of the components for which the assumption of
norilglity was required so that F tests could be made.
Denny (1968) reported on the reliability and validity of
the Denny Rusch, Iveg Classrooil Creativity Observation
Schedule, The schedule was constructed to identify those
teacher-pupll variables which were related to pupll zain
on creativity ieagsures and contained three dimensions:
clinate, genewal astructuring, and specific structuring.
There were 11 iteny comprising the schedule. These were:
motivational climate, pupll interest, teacher-pupil
relationship, and pupil-pupil relationship-climate, pupil
initiative, teacher approach, and adaption to individual
dilferencen, variation in naterials and activities--
general structuring, encouragerment of pupil divergent
thinking, encouragenent of unusual pupil responses, and
uniqueness~~-gpecific gtructuringz.

Thirty sixth zrade classes in a Midwesbtern state were
visited three tines by trained observer teais of three
recorders., The observations were made between pre and
post-tests on adaptations of Guillord's tests.

Both of the Medley and Mitzel (1958a, 1963) techniques
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Tahle 3

Medley and Mitzel Estimation of Variance Componeﬁts

1. o2
2. oﬁ
2
3. 0y
l
» crg
. 02
cr
- 2
O, Uci
7. °§s
8. 02.
ri
9. gs
10. cfs
11 Gﬁri
2
12. Tors
13. oﬁis
b, ofy
2
15. o

(=)

Camn
it
e’

LT
!
~

_\ja 2 .2 2 2.2 .2 .2 2
(=) F%E (85-Scr=5G1-5og S op1 BcistBops™S )
2 2 2 2 2 2 o 2
E%E (SP“Scr““ri'srs+scri+sris+scrs-S )
1 (255" ® 62 4s? 4e® 4sl )
=5 £17961 i P15 P criTPeis  Spis TS
2 2 2 2 2 2 2 2
E%T-(“c"scs"srs" is Cers Oeistoris” )
2
1 (&2 -8 . =8 +52)
= er "eri cers
2
1 (52 52 .~32 +s )
I,;E' ClL CIri c¢is
2 2 2 2
F%. (Scs”sgrs"scis+s )
1 (32.-52 52, +82)
= ri “eri “ris
1 (52 5> - 2. +82)
= rs crs ris
1 (s? -52. - 2. +32)
= ig "eis "ris
2 2
%- (SCJ:':L"S )
2 2
%- (Scrs~° )
2 2
‘%- (scis"s ) '
2 2
%- (Sris"s )
2
S

4The symbol (=) is to be read "is estimated by."
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were used. The latter wwidel to egtinate the total
relichility of .42, and the fomier to calculate R, R!,
and Ry for eachh of the 11 items compriging the
schedule. The valueg of R ranged frown ,15 to .72, of
R!' from .40 to 1.00, and of R, from .38 to ,91, The
author (Denny, 1963) concluded that the reliability
estimates were at least as zoond as those obtained for
similar schedules but that the validity estimates
indicated a need for further analysis of the dinensions
and iterns of the gchedule,

Medley (1967) described a new way to score the OScAR 4V
Bo that nore neaningful information could be obtained
from the raw scores. The nethod depended on an ANOVA
technique which periitted the partitioninz of variance
throuzh the uge of orthogonal contrasts., The data were
collected by an observer who vigited 70 teachers four
times for about 20 minutes per time, These scores were
correlated with scores collected a week or two later on
four more visits. The correlationg were estinated for
each scale by the 1958 ANOVA technique for the four
"entry" and gix "exit" catezorles. The entry catezories
were: pupll initiative, cohesion, diverzence and a total
score., The exlt categories were: feedback, valence
enthusiasm, pogitivity, encourasement, and a total score.
The intercorrelation between the total scores wag .73

and the range for the other intercorrelations was O to .Y8.

The rationale for the use of orthozonal contrasts to
develop scoring keys was that the transformed scores
remnained linear independent functions of the original
raw scores while at the same time the contrasts yielded
informaticn of specific interest to the investigator.
This was so becaugse the contrasts could be chosen in a
very large nuiber of ways. It was therefore incumbent

on the investigator to choose the set which best answered
whatever questions interested him nost.

Brown et al.{1968) calculated "between observer," "within-
observer" and internal consistency reliability as well as
the correlations mentioned earlier in the precedinz section
of this chapter (see p.10)., The authors (Brown et al.,
1968) pointed out that since they were using "untrained"
observers the Medley and Mitzel (1963) ANOVA technique

was not sultable because the AIIOVA zave a reliability
neasure of "between observer' variability while what was
needed for their data was a "within observer" reliability
coeflfflicient. Accordingly, a within observer reliability
coelficient for the repcated viewing of the {ilms was
digived.6 The within observer reliabillities ranged fron
40 to .02,
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The derivation was based on the rationale that if the sane
cbserver scorcd the same fteaching situation twice in the
sane way, then the judzge's scorinz was reliable. To
accouplish this end; the ratio of two different values for
the variance of the difference between the first and
second viewinzs was derived and constituted the
reliability coefficient, '

The difference di, was deflned as

di = %3 = %py

where 1 and 2 refer to the viewinz and the i ».fers to the
itens. '

Then, for independent scores
V(a;) = V(Xq; = Xpy)
= V(Xy;) +V(Xy,)

= 0% + 0° = 202

However, for correlated scores

V() = V(X - Xy)
= V(X1 + V(Xp4) - 2 Cov (Xy4,%p4)
2 2

= 20 - 20“'12 = Cf‘d

These two forilas were based on the assumptions that

(1) V(X,.) = 0® for 1 - 1,2

1)
J=1, . . ..n

and that (2) p(x) = 1

k

where the probability of selectinz a particular item, p(x),

was equal for all the possible choices, k. The reliability

coefficient was defined as '
e o - 2

Rii0,,. =1 -0
d

The value of 0> was treated as a constant because of the
asswaption of random choice of each item x on the part of
the judge and was calculated as
2 2
o = SUM(x-u) p(x)

X

/ 26’2
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The actual reliability calculation was then ~ilven as
2

’.—l

Len =

JI

-

wherc sg, the sample value, estinated oa.
A

9]
- sg / 2o

Rho and its statistic, rsp, were equal to the difference
between perfect correlatlon and the ratio of the difference
between the variance for independent scores and the
covariance of dependent scores to the variance of
independent scores. As a result, for independent scores

Rho becones equal to zero. This was exactly the formulation
That Brown et al., (1968) wanted because they were interested
in a neasure of azreenent within the observers., The

greater the agreeilent the greater the value of Rho and Iy
Mathenatically, this can be seen easily because i1t can bé
shown that

Rho = 0'12 / 0'2
and therefore Rho is directly proportional to the covariance.

Item reliability was calculated through Kuder-Richardson
formulas and ranzed fron .77 to .81. "Between observer"
reliability was reported as fair.

Seibel (1907) investigated whether it was possible to
predict the classroom behavior of teachers. The Ss were
100 graduate students with liberal arts backzrounds who
vere enrolled in the Harvard Graduate School of Education
in 1954, The Ss were rated by the classroor teacher in
whose roomn they had their teachinz practicum and by their 1
university supervisor on eizht criteria of teacher
behavior. The criteria were: rewards, support, contact,
novenent, service, complisnce, suzggestions, and hunor,
The ratings of the Ss were adjusted for '"reliability" |
by asking each rater to indicate the "amount of confidence" |
he had in each of his ratings. Confidence in ratings was
indicated on a seven point gscale from "complete confidence |
that rating is accurate'--7, to "no confidence vhatever, |
just a guess'-~1l. The estimates of confidence were |
treated as estimates of reliability according to the
following scale:

Confidence Ratinz Reliability Estirmate

[ 1.00

0.83
0.67
0.50
0.33
0.17
0.00

= PDW =W O~
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The reliability estinates were then used to adjust the
behavior ratinzs sccordinz to the formula:

X' =rx + (X - rX)
where I = the estimated true rating
the estimated reliability of the obtalned
rating
the obtalned rating

the mean of the obtained ratings for the
group

]

L I

The eizht hehavior rating scores were then c rrelated with
the 12 predictor varilables which were: Miller Analozies
Test, Minnesota Teacher Attitude Inventory score (MTAT),
F-scale, Minnesota Multiphasic Personality Inventory
Paranoia, Psychastenia, and Social Introversion--
Extroversion Scales, Wickman Schedule '“no gonsequence”

and extrenely grave consequence" Pupil Misbehaviors,
Previous Teaching~Leadership Activities with children,
Practice Teaching Grade, change in MTAI, change in F-scale.

Zero order, nultiple, and canonical correlations were found
and led Seibel (1967) to conclude that ". . . to a degree
1T nay be possible to predict how a teacher will behave *
in the classroon."” |

surmary of Literature on Recent Methods of Calculating
ReTiaPbility of Observabional Data

The papers reviewed in this section were different from
those in the review of traditional nethods in that they
were nore involved with the problen of the reliability of
observational data than the studies reviewed in the
previous section, The most heuristic and technically
advanced nethod of calculating reliabilities was that of
Medley and Mitzel (1958a, 1963).

Of the other work presented, one study developed a
reliability coefficient which was actually a percentage of
azreenent (Scott, 1955) while another developed a reliability
estimate based on confidence ratings (Seibel, 1967). Two
other studies adapted or used the Scott coefficient
(Flanders, 1950; Furst & Aridon, 1967), while two studies
used the ANOVA techniques of ledley and liitzel (Denny,
1068; Brown et al., 1968)., OFf these latter two studies,
Denny actually used both ANOVA riodels without any
adaptation or chanze. Brown et al. also used the ANOVA
technique but at the same tine developed their own
"within-observer" reliability coefficient.

-23-.
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Swiriary of Rolated Literature

The research in this chapter was catesgorized under two
headinzs which dealt with traditional and other nethods
of estimating reliabilities of observational data. The
usual nethod of calculatin: rcliabilitics wos 'ound to
be the Pearsonian correlation or the percentaze of
azreenent or their equivalents, Only two studies other
than those of HMedley and Mitzel used an ANOVA technique.

The difficulty in applying the factorial nodel, besides
1ts theoretical complexity, was due to its aduinistrative
difficulties. These difficulties resulied from the
requirenent that the sane observers vigit the sane
teachers more than once. The present investization
souzht to develop procedures which would pernit
reliability estinates under the nere typical field
sltuations,




g Chapter II : .

The Subjects, Materials, and Procedures
The purpose of this investization was to study the : |
relationship of the variables which were present during
observations that were carried out by merbers of a tean, |
This information was to be appiled S0 that the reliability |
of this type of data could be estinated through an ANOVA i
-technique or techniques under different conditions. The ‘
nodel was then to be applied to the SUTEC Observation 1
Schedule, - '

The aims of this section were: (1) to describe the
subjects of an observational study in general, and the
subjects who participated in the SUTEC study in partileular;

(2) to describe the materials; (3) to indicate the {
procedures which were followed; and (4) to present the

statistical bases for the analyses of the data.

The Subjects

A 8Tudy dealing with observational data usually has two

different sets of subjects, those being observed and

those doing the observing., At different stages of the
lnvestigation, one is interested in first one of these

sets of subjects and then the other. For the purposes

of this study, those being observed were the teachers

and those doing the observing were the people who .t
constituted the observer teanm.

At the beginning of an obgervational study the major
problemns are those which pertain to the observers and
their ability to see andg report accurately that which -
they have been instructed to observe. This investization
addresged itself to this question of the reliability of
observations and therefore the subjects under
consideration were the observers.

The training and eiployment of a team of observers is
usually expensive. For this reason, observer tearis are
generally restricted to 10 or fewer members. The

nuniber of teachers visited by the team, when reliability
is to be established, is also generally less than 10.
The naxinum nunber of teachers aotually visited, as
found in the review of the_literature in the previous
chapter of this paper, was six,

There were 10 people who were trained and acted as
observers for the SUTEC project. All of the observers
were graduate students in education, related areas, or
their equivalent. The five teachers who were observed
by the team, for the reliability study, were all
regularly licensed New York City teachers who had a
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minlmum of three years of teaching experience,

The Materials

The general iwodel presented in this investization 1s
applicable to nany different types of observation
schedules. The types of naterials involved fall under
the generic definition given in the first chapter of

this report. For examples of schedules to which the
rnodel is applicable, the reader is referred to Chapter I,

In terme of the SUTEC data, the observer team observed
only the followlng seven catezgories of behavlior: teacher
mobility, involvement of children, materials present,
raterials in use, directed behavior, gpontaneous behavior,
and irrelevant acts. These 1ltens are briefly described
below. The underlying rationale of the schedule and mnore
detailed descriptions were given by Chapline (1968). A
copy of the schedule is attached (Appendix).

Teacher Mobility, The number of different positions
occupled by the teacher during the second five nminutes
of each learning actlvity~-~indicated on a roomn sketch.

Involverlent of Children, A global judgnent of the
attentiveness of the whole class during each learning
activity~~assessed on a three point scale from
uninvolived (1) to hizhly involved (3).

Materials Pregsent. The number of different materials .
present durinz the entlre observation--checlked on a list
of materials,

Materlals in Use. The nurmtber of different materials in
bse during The entire observation--checked on a list
Of nateriagls.

Directed Behavior. The number of times during each
activity that the teacher called on puplls without the
puplls first indicating a willingness to respond.

Spontaneous Behavior. The number of times that the
puplls indicated a willlngness to respond before being
asked to do so, plus the number of times that the pupils
responded spontaneougly before permission was granted.
The score on this category was weighted in a ratio of
1:2, respectively, before being added., Raising hand
behavlior would be scored as a one while calling out the
ansver would be scored as a two. If both occurred

during the same activity, the activity would be stcored as

a three provided nothing else happened for the duratLon
of the activity.
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Irrelevant pcts. The number of acts or novements cbviously
not related to the learning activity of twelve randomly
aelected.children. '

Involvenent of children had a range from one to three,
while the other six categories had no Specific range built
into the schedule and were actually frequency counts.

The Procedures :

The 1nitial step in the brocedure was the estimation of
the reliabllity of three of the categories that were
considered for inclusion in the final form of the SUTEC
Schedule, These itens were nobility, involvenient, ang
irrelevant acts, For this reliagbility estinate, seven
observers visited two teachers ang rated thern: on three
categories, Only four of the observers who mnade the
Seécond visit were zlso present durin; the first visit,

The next step was to estinate the reliability of the v .
entire schedule, Three other teachers were visited by
an observer tean of seven uenmbers, Although careful
pPlanning had preceded the visits to insure that a11 10
menbers of the Observation team wonld be present, such
Wwas not the cage, Here, too, the Séven observers present
Wwere not the saie in each case.

The ten members of the observer tean were each given g
Copy of the observation schedule They were to use and
the categories were discussed and explained to their
Satisfaction., This discussion was followed by a field
test which, in turn, was followed by a comparison and
discussion of the obtained results. Upon repetition

of this Procedure, the observer tean felt confident in
their ability to use the schedule properly. Visits to
the different teachers by the entire group were arranged
to determine the reliabllity of the Observer team. all
the observations were conducted through a one way nirror
with the teacher's knowledge and consent,

As was evident fron Chapter I,. the nethod of training
the SUTEC tean Was consonant with generally accepted
Practice,

The Statistical Procedures

This section dealt with some of the theoretical
considerations that pertained to the probleri, The areas
discussed were: Sone of the shortcomings of the
traditional methods of calculating reliabilities, the
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meaning of "crogsed" and "nested" factors, the relationship
of ANOVA to reliability estiuation, the variables and soqie
of the conditions under which different designs are
possible, the calculation of expected nean squares, and
sorie of the general rnodels under the various conditions.

Difficulties with Traditional Rellabllity Ectimates. The
shortco.ings of the product onenc coerfricicnt of
correlation and the percent of agreenent betueen observers
as neasuresg of rellability of observationagl data were
eriginally pointed out by Medley and lMitzel (1958a, 1963)
and paraphrased by Brown et al. (1968). Fcr one thing,
the sanpling distribution of r is dependent on N, the
nuiber of scoreg on each item, and it 1s difficult to
have large nuibers of people view the same classroorl

on two different occasions or to control variations
between the two visite., PFurtherriore, the nuiber of
classrooms visited by two different observers, at two
different times is likely to be small, TIn either case

an N as great as 100 in dealinz with observational
studies is extrenely rare. With N = 100 the confidence
interval for the correlation coefficient may be as wide
as .33 (lledley & Mitzel, 1963) and therefore the
correlation coefficient is not very precise., At the sane
time wmost such correlations are usually based on total
scores which do not tale into account variations in
scoring individual items or catezoricso.

Percentage of agreenent between observers nay give very
little information about the reliability of scores
Obtained. 'This is possible if the observed teaching
practice occura in each roori. For then, the reliabllity
of that item as a differentiator of teachers will be
Zero., It is equally posiible that near perfect agreenent
be reached about the nuber of times that a teacher
employed a certain category of behavior, and if the teacher
sharply reversed these behaviors fron observation to
observation the reliability of these categories fromn
visit to visit would be zero.

The shortcomings mentioned above led Medley and Mitzel
(1963) to develop thelr single intraclass correlation
coefficient. The estimate of Rho so obtalned was nore
precise than any coibinatlion ol interclass correlations
because such a combination of correlation coefficients
vas not made up of independent measures, The ledley and
Mitzel (1953) model permitted the calculation of the
variance avtributable to each of the independent factors
operating during the course of the observations. At the
same time, the different reliability coefficients
appropriate to the uses to which the scores night be put
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could all be estinated from the one analysis of variance.

Crossed and Nested Factors. Factors are sald to be
crossed 1f each level of each factor appears at least
once with every level of every factor. Factors are

8ald to be nested if each level of each factor appears
in only one Ievel of the other factors (Millman & Glass,
1967). A faetor which is not nested in any other facton
may therefore be considered crossed (Peng, 1967).

Relationship of ANOVA to Reliability Estimation., The
definition of rellability given by Medley and Mitzel
(1963) was corparable to that discussed by Winer (1962)
for a more simplified type of desipgn. However, because
of the comparability of the concepts parts of the
argurient will be reproduced and sore of the algebra that
was deleted will be filled in. The basic definition, that
the reliability of k neasurenents is the ratio of the
variance of the true scores to the sum of the true score
variance and the variance due to errors of measurenent,
was the same for both authors.

Winer (1962) indicated that the reliability.for the mean
of k measurements may be estinated by

r = | (1/k%) (Ms . - MS )
k : between people W. people
k) (MS ~[[S )+ (L/k)MS
between people We. people | wW.people

where the variance of the true score, o%, was estinated
by the numerator and the suri of the true score and error
of measurenent variances, o3, was estimated by the
denoninator of ry. Multiplication of both numerator and
denoninator of rr by k yielded, :
MS -~ IS
r, = between people W. people
K~ 1ms 20 R
between people W. people W. people

‘MS ' - MS
between people W. people
MS
between people

MS | - MS
between people W. people

MS MS

between people between people

-29-




= 1 -~ IS
V. peonle
MS
between people

The estiiate oi ¢ % was therefore seen to be

MS - IS the difference between
between people w. people, 5

the sources of variation while the estimate for o% was

the sum of of and the error of measurenent.,

It was also shown that r; the rellability estimate of a
single neasureilent was given by

ry = (1/x) (M3 ~ M5 )
. between people W. people
(L/k) (MS - MS ) + MS
between people w. people w. people

Multiplying both numerator and denoninator by k yielded

between people w. people
MS + (k=L1)IIS
between people w. people

For the sake of alzebraic brevity the following
substitutions were nade,

X = (1/k) (M3 - MS )
between people w. people
Y = MS

W. people
Upon substitution into the equation which defined ry
| ry =X / (X+Y)
mltiplying, ry (X+Y) = X,
dividing by r1 X+ Y =X / m
transposing, Y =

coblining, Y

!

]
(X - rX) / ry

Substituting back into the orizinal equation which
defined ).




I‘kf-"-

X
T+ tﬂ( IV,

multiplying numerator and denominator by krj,
P = kryX / TkegX + (X - ryx))]

factoring, - -
r,. = «riX / LX (kry + 1 - ry )|

r,=kry / 1+ (l{-—l)]'
This formnula is the well known Spearman-Brown prediction
formmla. A somewhat different treatment which yielded
the same result was given by MeNenar (1962),

The simplified assumptions upon which these fornulas and

calculations rest gre thgtMs nay be pooled to
W. people

provide an estimate of the error of neasurement, that the

error of estimate is uncorrelated with the true score,

and that the sample of n people and ki'measuring

instruments are randon samples to and from which

generalizaticns are to be nade, respectively. The nore

involved cases when these assunptions were not net need

not be discussed here because the essential relatignship

has been indicated and the calculation of of and of

can be estimated by following the "rules of “thumb"

glven by Medley and Mitzel (1963). | |

The Variables and Designs

Before considering specific designs, some basic notions

about the composition of s specific score and its

relatlionship to population parameters and "erporp” will

be discussed. The discussion will be presented in terms

of 2 simplified case and wiil be alluded to once again

in Chapter III of this report,

The factors which nay be expected to produce variation
anong observational scores of teacher behaviors are
differences among teachers and differences among visits.
For convenience, T4 will be used to represent the
difference between the mean for Teacher 1 and the nean
of all the observations, and Vs will represent the
difference between the nean of visit{ j and the nean of
all the visits., In essence then, Ty and V4 represent
the deviations associated with teacher i ahd visit j.

It 1s assumed that Ty and V,; will be the sane for
teacher i on every visit and for all teachers on the jth
visit to each of them, respectively.
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Human behavior being what 1t is, it ig probable that
sore teachers will behave differently on the first
visit than on the others, while other teachers!
behaviors nay change slizhtly from visit to visit so
that there nay bve gz great change in the behavior of sore
of the teachers from the initial to the final visit. In
statistical terms, one weculd say that there is an
interaction between visits ang teachers. If P;; denotes
the performance of teacher i on vigit j and Iij the
interaction terri, then

Pi]'==u+Ti+VJ+I--
where u denotes the grand mean®of aif teachers on all
visits. The score, Xijk: assigned to teacher i by
observer k for visit J 1ay or nay not be identical to
the actual performance P4 of that teacher on that
visit. The "error" is dsfined as the difference between

‘the assigned score and the actual performance,

€13k = Xijk - Piyj
Substituting for PiJ}Jk iJ

e = X ~(u+T +V + 1T ),

1jk Ljk i J Lj
Transposing, X =u+T +V 4+ I + e

ijk 1 J iy 1jk

This simplified model follows closely that presented by
Medley and liltzel (1958a) and in principle is easily
generalized to include ofther factors., This linear
model leads to

2

_ 2 2
o = wﬁ + oo+ c%v + o

where 6% 15 the total variance for zll obgervations X,
of is tHe variance of Ty, O of the,VJ,'o%V of the Iij’
0% of the e, .
The variables which were cansidered egsential for
classroomn observations were those used by Medley and
Mitzel (1963). These were: tescher or classes,
observers, items, and situations. Under certain
conditions one or rore of the variables may be deleted
fror the analysis, For exanple, if all the teachers
were rated on only one iten by the team of observers,

or if only one observer did all the obgervaticng, or if
each teacher is visited only once, then itens, observers,
and situations would have to be dropped from the

analysis associated with their respective cases.

Within each of the above contingencies it ig possible
to have more than one condition operating concurrently,




An exanmple that will be considered in sorie detail in the
next chapter, is the case of the partlally nested or
partially hierarchical design. If each teacher were
vislted only once by a team of observers which had the
same number of people on the tean but not the same tean,
the team factor would be nested under the teacher
factor, To consider a simple case, suppose that two
teachers were visited by three observers and rated on
four items. Each teacher essentlally has a tean
peculiar %o himself because the people comprising the
tean for teacher one are not all in the team for teacher
two, etc. A schematic representation of this situation
is given in Table 4.

~Table &4

Schenatic Representation of a Three Factor
Partially Nested Design

Teacher 1 Teacher 2
Iten 1
Iten 2
Item 3

Item 4

The general modél for thils design hds the structural form
(Winer, 1962):

ABC =n+ A +B + C <+ AC + BC
ijk i J(1) k ik j(i)k + error

where teachers, observers, and items are factors A, B, and
C, respectively, and the terms on the right side of the ’
equatlion represent population parameters.  In this desizn
it 1is possible that (1) each observation schedule iten
has n subcategories and therefore each cell has n scores
‘or that (2) each item has no subcategories and yield only
one score per cell., In the former case the left hand
side of the equation and the error term represent the
nean of the measuremnents for the n elements under the

treatiient combination ijk, where i, j, k are the number
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of elements i factors A, B, C, respectively, and the
error tcril is the average crror yithin the respective
cells, 1In the latter case, there beinz no within cell
variation, the ABC1jl: and the ervor tery refer to the

a | actual scores and errors attained under treatment condition
ijk rather thain to the cell values, This rodel will
be used in Chapter IIT of thisg investigation where it will
be further discussed,

Before continuing with an alternate design for analyzing
this type of situation, definitions of "randomn;"
"finite," and "fixed" factops will be given, A factor
is random if its levels regulted from a randon saapling
taken Trom a population of levels with normally
distributed effects. '"Teachers" is an exanple of a factor
that is usually considered randon, If a randon sample
from a finite population of levels constitutes the
Factor in a study, the factor is congidered f{inite. Vhen
a systematic selection of levels, all levels,, or only
levels of interest to the investigator are included in a
study, the factor is congidered fixed., In each case,
the results of the ANOVA are generalizable to the
population from which the levels were drawn. In terns
of the variance couponents, a random factor rnust be
considered throughout the analysis and 18 contained as

a component in each expected rean gquare teril agsociated
with each "source" of variation. Plxed factors on the
other hand are not carried throughout the analysis., The
procedures for deferaining the expression for the |
expected mean squares are elaborations and applications
of this concept (Millman & Glass, 1967). This point ig
further elaborated in Chapter ITI.

An alternative approach to the above example in which
there was only one Obgservation per cell is to treat the
situation as’a two factor repeated neasure design,
Table 5 shows repetitions of the iters three tines, 01,
02, and 03 and again Oy, Og, and 0Og,

Table 5

Schematic Representation of Two Factor
Repeated Measures Desizn

Chsenrvers Itern 1 Iten 2 Iten 3 Iten I
Teacher I 07 |
G2
Oa

Teacher 2  ¢j




The structural niodel for this deslgn has the‘following
forn (Winer, 1962): , -

X =u+ A + P +B + AB 4+ BP + error
ijk i k(i) J ij Jr(i)
where teachers and items are factors A and B, respectively,
. and Py(1) and the error term are the effects of observer
k who 15'nested under a "teacher" level and the error

asscciated with the observer, respectively. Here too, the
variables on the right hand side of the equation represent
paraneters.

Generally, an experinment in which the-same elenents are
exposed to n treatments requires n observations on each
element., Hence the term repeated neasure. The purpose
of Yhis type of experiment, especially in "learning"
studles is to provide a conbrol on differences between
subjects., This is accomplished because éach subject
esgentlally serves as his own control. To the dezree that
specific characteristics of the individual elements
renaln constant under different treatrent conditions,
observations on the same elements tend to be positlvely
correlated or dependent. An alternative approach to a
repeated measures design is to include a nested random
factor, a dummy variable, in thé model to absorb the
correlation between the experimental errors. This
approach was followed in ChapterIITI and was recently
digcussed as a possible way to adapt existing conputer
prozrams to correlated observations (Clifford, 1968).

In a two factor design in which there are repeated

measures on factor B the comparisons between the treatments
at different levels of factor A involve differences between
groups as well as differences associated with faector A.
Under these conditions the main effects of factor A are
said to be confounded with differences between zroups
whereas the main effects of factor B and the AB interaction
term are free of such confounding. Tests on factors which
are not confounded are more sensltive because there are
fewer uncontrolled sources of variation, |

If one uses'the approach that assumes correlated errors,
the expected nean square of A has this forn

E(Msa) =0 L+ (b =1) 1 + nbos

where r is the correlation between pairs of observations

on the sanme elerent and b 1s the number of levels of factor
B. The denoninator of an F ratio testing the variance eof
factor A is equal to the first part of the right hand
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side of the E(11S.). F tests for the B ghd AB terms have
a denoninator whosc eXpected valuc is ¢“(l-r), Therefore,
1f there is a positive correlation between pairs of
neasurenent the factors which are not confounded have
riore sensitive tests because thelr experiiental error
tern 1s smaller,

In terms of the alternative approach which postulates a
nested randorn factor the E(Msag for factor A is:

E(Msa) = c:g + bo?; + nboz

and the denoninator of factor A's F ratio 1s equal to the
first two teris on the right side of the equation., . The
denominator for tests on B and AB, the _non confounded
factors, has the form 0z + 0%, where O%Q 1g the subject
treatiient interaction. “The magnitude oL o, is usually
considereably smaller than that of o2, Thé above ideas
are zeneralizable to 1more than two factor designs and
specific attention is given to the alternative, nested

factor, approach in Chapter ITI.

Reference to Table 5 indicates that each iten is repeated
three times for each teacher or that there are three iten
Scores per teacher. This is equivalent to the neasuring
instrunient being applied to each teacher three tiues.
Table 5 to 10 deal with designs in which the iten factor
is repeated,

Upon using the same notation as Medley and Mltzel (1963)
where teachers are classes (c¢c), observers are recorders
(r), and items are items (i) and considering the last
tern ag the "residual," the design becarie as shown in
Table 0,

In table 6 the D¢, Dp, and Dy, are equal to zero or one
depending on whether the c, r, and i factors are fixed
or random, respectively. This point will be considered
agaln in Chapter III. At the same tine the residual tern
would more precisely have been expressed as Ttens X
Recorders within classes with degrees of freedom as glven
and an E(M3) oi Dp 054 -+ og. However, Jjust as the
factosial model podleé the fourth order interaction,
CXRXTIXS, with the residual variance, here too, the
nighest order interaction was pooled with the error termn.
ggereforeﬁ the error tern o@ was replaced throuzhout by
which equalled Dpofsi+o§. For the purist, the full
nodel can be reclelmed by substituting Dnposng + Gg for o=
throughout the fourth colunn of Table 6. however, for
the repeated neasured designs there is no calculation for
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Table 6
Two Way ANCVA for Repeated Measures

B e e e - N

Pa—

Source'of Degrees of Obtained ', Expected Mean
Variation Freedon Mean - Square
Square
Between N
Recorders rec -1
l. Class , c -1 | 85 ’rioﬁ + ibbcﬁ +
, I'Diogi 4 0'2
2. Recorders | o | o 2
- W. classes c(r -1) S, ’ip%of + 0
Within
Recorders re(i - 1)
3. Itens i-1 sg 'rcog + rDcogi + o°
| | . 2 -
L. cxI (e = 1)(1-1) sg; rog; 4 o2
5. Residual c(r - 1)(i - 1) §< o°
an "error" tern and therefore the I X Ry, o]gsges berm
gerveg as the denorlnator for the Within RecorSers F ratioms.

Therefore, for all intents and purposes the use of 62 as the
residual E(MS) is equivalent to the more cuibersone
Dro'%i + Ve . *
To compléete the analysis, the linear equation in which
- the actual MS!'s serve as estimates for the expected MS's
nmust be solved., Solution of these eguations under the
assunption of random factors ylelded the results indicated
in Table 7. The expression on the right of Table 7 nakes
the variance coriponents estimates specific to the example
cited¢ earlier in which ¢ = 2 (2 teachers), r = 6 '

6 observers), i = 4 (4 items). :

Based on the above and coupled with their (Medley & ,
Mitze), 1963) "rules of thumb," the definitions of dp
and 0% yielded, respectively |
of = (6-4-1)20% = 5760°
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Table 7

Estimation of Variance Coaponents for a
Tvio Pactor Repeated lleasures Desisgn

o 2 2 2 . »n \ p 2 2,2
1, 0% (=) 1 (s -8 _=8a:+8 =) 1 (85~5_=5as+8
= ( )FE'( c-8,-851+5%) )k (sg-sp=sgq+s”)
o 2 _ 2 2
2 F ()Ll -h) (o) g (eE - o)
2 2 2
3. oy (=)}% (Si - Sci) (=).____ (s - E’c;:_)
2 o ‘ , o 2
be og1(=) 1 (sgy - s°) (=) 1L (s5; -587)
r 3
2 2 2
5. « (=) s (=) s
and of = (6+Be1) (641 6B + hel 0F # 6.1 02, + oF)

= 24(2405 + Ho2 + 603y + o2),

Therefore, 1 = c% / o% = 240% / (240% +40§ +6o§i + 02).
In the previous design there was only one repeated factor.
This was a two factor desizn becaunse the teachers were
visited only once by a three man team of different people
for each teacher who rated each item with only one score.
Under the saime conditions with each item receiving n

scores the desizn nay be considered a three factor
experinent with repeated neasures within the item factor.
The measurable variance within each item may change froi
observer to observer and thercefore an interaction component
mugt be added., A schematic representation of this :
situatlon 1s given in Table 8, This may be considered

a2 X 4 X 6 factorial design with repeated measures on the
last factor, n = 2, Subscore elzht nay be represented
symbolically as Pg(ql), that is, the zecond subscore in Gy e

The structural model in which n is the number of subgcores
for this design may be given as (VWiner, 1962)
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Table 8

Representation of Three Factor Repeated Measures
Design with n Subscores

Cbservers
Teachers Items Subscores bl 0o 03 Oy 0O Og
Ty Item 1 1 G11 G G131 Gy G131 G13
2 ‘@12 Gy G12 Gyp Gyp Gio
Ttem2 1 Gp1 Gpy Gop Gop o e
2 G2z Gopo Goo e
Iten 3 1 G31 G331 +..
2 632 .. |
Iten 4 1 e e e e e
2 B
To  Item1 1 | |
| 2
Iter: 2 1
2
Iten 3 1
2
Iten 4 1
2 Gha Gup Gup Gup Gup Gyp
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Xijla = W+ Ag - By + ABij + Py(1j) + Oy + ACix

+ BCsi ABCijk -+ CPkm(ij) + error
where the right member of the equation containg the
paraileters A, B, and C which are the teachers, itens,

and observers, and m(ij) identifies a subscors within

gxroup Gij' The ANOVA for this model is given in Table 9

In terme of classes, items, and recorders. - The nuzbér of
subscores, classes, 1teus, and rccorderc for the general case
wlll be glven as n, ¢, i, and r. For the gpeclfic oxample
the values 2,2,4, and 6, respectively, will be substituted.

The residual term for the Within should really have been
'O§D‘+ o&. However, as in the case of the two factor
repeated measures design, o° was substituted for the last
terin and this last ern becane.the "residual." In lines

5 to 8 of Table 9, the origzinal degign can be reclailied
by naklng the substitution o, + 0% for ¢°, In lines 1

to % of ggble 9, the term that Por replaced was really
DnO5yp + Og. However, since the estimation of the variance
coiponents rests on the agsumption that r, i, and ¢ are
randorl factors, it simplified the desizn to incorporate
this fact in the error term throuzhout Table 9., If r
were not a randon factor there would have been two error
terms., The grror. tern for the Between subscores would
have been rog + 0%, since Dn, = O fop a fixed factor, and
for the Within subscores, 6% + 6=, This change would
not affect any proposed tests of sizgnificance because

the denominator for the Between F_ratio and the first three
lines would all be reduced, by DTB%p. The F ratios for the
Within would all contain Ggp + 6% slnce the ogp was not
nultiplied by Dp,

Solution of the linear equations when the obtained MS'g
were used to estimate the expected MS's yielded the results
glven in Table 10, It was assumed that D¢, Dy, and Dp _
were equal to one, or that ¢, 1 and r were randon factors.
To complete the reliability calculation,

pof - 2. 662 +662 it Lo 2
therefore, r = 2Uc2 / (2udb+6agi+665T465+400r+c§r+ocir+62)

The designs discussed in Tables 6 to 10 dealt with the
case Of one repeated factor, the iten factor. This was
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Table 9
Three Factor ANOVA with Repeated Measures on One Factor

Source of . Degirees Obtained Expected Mean

| Varigtion of lean Square
‘S Freedon Square
) Between
K Subscores nci-l o
A 1, Class (C) c-1 | SE R niro%-l-nrDio%ﬁro‘g
i | | o, +niDba§r+nD1Dr cir+°2
. ,  . 2. Items,(;) i-1 84 ncrc%+nrDco§i+r0§
| . '+ncDro§r+nDcDro§if+02
3. CXI (e-1)(1-1) 801 nrq§1+roganro§1r+02
4, Subscores (P) ci(n-1) ag rol+o=
W. Zroups - p
Within -
Subscores nci(r-1)
5. Recorders (R)  r-1 . sﬁ ncic§+niDco§r+ncDio§r
+nDcDic§1r+02
' 6. C X R (e-1)(r-1) 82 nicZ4nDio2, o
v; 7. TX R (i-1)(r-1) S'?_r lnco?r-i-npccgir.]-cz
'- 8. CXTIXR .(c-3){2:1){v-1) -s53; nod, +0°
. 9, Residual ‘ei(n-1)(r-1) g2 g

K




Table 10

Estination of Variance Cornponelcs for a Three Factor
Design with Repeated lleasures on One Factor

1. o2 (=) H%F(sg..sgi-sﬁrﬁ_sgm (=) E%(sg-sgi’-sgr—!—sgir,)
2. of (=) 3 (of-ofofiroly) (=) lefeeli-sfeely,)
3. 051 (=) ﬁ%{s§i~s§ir—s§+sz) (=) T%(sii—sgir—s§+se)
b o (=) Lsp-o®) (=) 3(s5-57)

5. 03 (=) Héiﬂsg”sgr”sgr+sgir) (=) Téﬁsg"sgr"s§r+siir)
6. Oy (=) MsGnmsc1z) (=) a(s3ms0,)

e Gfr (=) Mifsfr"sgir) (=) %ngr”scir)

ne b
8. Gip(=) L5y ms®) (=) Lsgsems”)

due to the teachers being visited only once by different
teams.of observers. If the experience of the researcher
with the items of the schedule has indicated that there

are no significant sources of variance as a result of
treating the items as a repeated factor and breaking up

the Within, then the design nmay be treated as a factorial
design with the iten factor treated as a regular factor.

ILf this is the case; the three factor repeated neasures
design in Tables 9 and 10 can be applied to situations in
which one of the other factors are repeated. Thus, the
design may be used when the same teachers are visited iore
than once by different observers or when the samne observers
vislt different teachers. In the former situation the
teacher factor would be treated as the repeated measure,
while in the latter case the observe factor would be the
repeated factor. This would merely require replacing the
iten factor by the teacher or observer factor,. respectively.,

Lo




The next design wlll consider a three factor desizn in which
there are two repeated measures and will deal with the case
of different teachers being visited by the sane obsgervers
and rated on the same items. In this situation the

observer and item factors are the repeated measures across

teachers. The structural model for this design may be
indicated as

xidkm ='U + Ai + Pm(i) + BJ + ABij + BPJm(i) + ck
+ Bcﬁka(i) + error

- Schematically, this situation may be seen in Table 11 where
A, B, C, are the teachers, items, and observers, and P g 2
is the sum of the jk observations on subscore i1 for tea hidr i.

The ANOVA nodel is given in Table 12 (w1ner, 1962) where the

agsumption that ¢, 1, and r are random factors has been

incorporated into the expected MS's, This assunption

permltted the use of the same error or "residual” tern

throughout For, .it will be noticed in Table 13, that if

I% 08 = 1, L.e., that » and 1 are randon factors,
then 02 +

. ‘appears in each line and is eauivalent to |
the error terg of Table 12.

Table 11

Schematic Representation of Three Factor Design
with Two Repeéated Measures and n Subscores

e ERRRERERES———

e

Subscore Ttem 1 ceo Item j Total
obs. l...0bs. k ... obs. 1l...0bs. k
1(i) Py (1)
m(i) P (i)
n(i) | P (i)
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Table 12

Three Factor ANOVA with Repeated leasures on Two Factors

Source Degrees of Obtained Expected

of’ Freedon Mean Mean
Variation Square Square
Between
Subjgcts ne-1
1. Class (C) c~1 sﬁ nir02+ir02+nraci+ro§p

+ni02,+102 mogu,m?

2. Subgcores (P) c(n-1) sg rcg+r02 +1orp+o
Y. Zroups
Within
Subjects ne(ir-1)
3. Items (I) 11 s? ncrc%-nro%i-l-r ip"‘nc"i_’-
2
"l’l’l@"cir.*l"@z
4, C X I (c-1)(1-1) 52, nrob+rof +no'ir+02
5. I X P e(n-1)(1-1) 5fp rofytot
2
6. Recorders (R) r-1 sg ncic§+nio%r+iobp+nco§r
2 2
. +NCo, il"+o’ .
7. C X R (c-1)(r~1) 5 op nicd ricgp+no?i +o
8, RX P e(n-1)(r-1) s, 1o§p+c;2
9. I XR (i-1)(r-1) s?r nco§r+noglr+02

1 > 2
10, C X I XR (e=1)(i-1)(r-1) Sgir nOGypto
2

11. Residual c(n-1)(i-1)(r-1) s o°




‘Table 13

Expected Mean Square of Three Factor Design i
with Repeated Measures on Two PFactors

Source " E(MS)
l. Class (O) n1ro§+1ro§+nrDio%i+rDio§p+niDrc§p
2
+nDy D05, 1+D; Dy 0T s
2. Subscores (P) ir02+rD o2+ +1D,, o= +D; D, 0? +o?
W. groups e Frirp
3. Itens (I) ncro§+nrDio i%rd§p+ncDro§r+nD D ofrp
4D OTppt08 T
4, cx1 nro§i+ro§p+nDbo§ir+Dro%ir+D °§rp+°2
2
6. Recorders (R) ncia2+niDcabr+i 2 +ncDio§r+nDcDio%ir
o° o2 2
7. CXR nio2 +ioyp+nDi 1r+Di O pptoe
8. RX P 165+D; 05 1, +0%
9. IXR nca2 D c%lr+c§rp+o§
. ‘ 2 “
1. TXRXP oirp+02
12. Error o2

e

solutions arz given in Table 14.

Setting the actual MS's of Table 12 equal to their
respective expected MS's yields 12 linear =quations whose

For illustrative purposes

it was assumed that n = 2, ¢ = 2, 1 = 4, and r = 6 which

were the same as the values in Table 10.

As a result,

(6-4)20% = 57602,
C ‘ C

-45=




Table 14

Estimation of Variance Components for a Three Factor
Design with Repeated lMeasures on Two Factors

o 2 2
. o5 (=) 1 (55458 =sptet,-s21,457) (=) E%KS§+801"Sip

nir 2 2 _.2
T8ep=Bpp~Scip

2 2 2 \
(=) §%ﬂsp~sip~srp+32)

%)

+8

e 2 o 2 2
2. o, (=) i;(sp“sip”srp+s )

) 2 o 2 2 2 2
3. oy (=) H%Ffsi"sci"sir+sgir) (=) E%Ksi”SCi“siP+Scir)

b OBy (=) Uogy-ag,obire®) (=) 162,02 el )
5. ofp (=) Lef,-s%) (=) Ls2 ")

6. oﬁ (=) ﬁ%{js§~s§r—s§r+sgir) (=) T%ﬂsgusgr s§r+sgir)
7 Gﬁr (=) ﬁ%fsgr"sgp"sgir+sz) (=) éﬁsir Sﬁp"‘iir+sﬂ)
8. o2, (=) %xsgpusz) (=) %ﬁsﬁp-se)

9. Gy (=) Alsgsfiy) () ICHELI

10, Gu(=) Ue5;,-a%) (=) 2y

1. of (=) s®

62 mn(6-4)(6-40§+6~40§+6o§i+6o§p+40§p+o§ir+02)

+24(240§+24c§+6o§i+6o§p+40§r+40§p+021r+02)

c
Therefore, razﬂcg/(24d§+ 2&o§+60§i+6q§p+ho§r+46§p+Ugir+02)

It will be noted that in all the desiszns discussed up to

now the situation factor has been equal to one and therefore
the qjt value which was to be multiplied by the of term to
yield the numerator of the reiiability estimate has

U6~




. . 2
essentially been equal to qjo” . The fact that t = 1 was also
taken into account .where necessary in the denominator as well.

It was pointed out in the discussion of the three factors with
one repeated measure that the design was also applicable to
cases in which the observer or teacher factor were repeated.
The same reasoning obtains for the design with two repeated
measures. That is, it is possible that teachers and items or
teachers and observers rather *than items and observers be
considered the repeated factors. This is only possible if
each teacher is observed more than once. If such is the case,
the value of t in the calculation of r would obviously not be
equal to one.

Inherent in the preceding idea of treating the teacher factor
as a repeated measure is the assumption that the visit orp
situation factor need not be treated as a separate variable
but may be subsumed under the teacher factor. However, it is
possible to treat the teacher factor as a non-repeated measure
by introducing a situation factor for the case in which the
teacher was visited more than once. 7In such a situation,
assuming the same observer and items, one may treat the
experiment as a four way design with two repeated measures.
The observer and item factors,. the repeated measures, may be
considered subsumed under the teacher and situation variables,
‘respectively. The linear model may then be given as

Xijkim = U * Aj + By + ABjj + Ppciy) *+ Cp + ACqy + BCyk
* ABCijik * CPim(ij) * De '+ ADjo + BDjp + AﬁDijl
* DFem(ij) + CDx1 + ACDjyq + BCDjkl + ABCDj 331
+ CDPklm(ij) + error

~where A, B, C, D are the teacher, recorder, situation and
item factors, respectively. :

The expected MS's for' this model, assuming n subscores, are
given in Table 15. Assuming that classes, recorders, situations,
and items are random factors, Dg, Dps Dg, and Di all become
equal to one. Therefore, lines 19 and 20 of Table 15 may be
pooled to form a new "residual" which may serve as the error
term throughout the design. The results of this change are

. given in Table 16. Table 17 gives the degrees of freedom for
- the design. The solution of the linear equations resulting
from setting the observed MS's equal to their respective
expected MS's are.given in Table 18. Based on the estimated
variance components,

o2 = (6-4-3)252
T Q
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Table 15

Four Facfor Design with Two Repeated lieasures
e T ——— g —— [ _ T T R ) -
Source E(MS)

1. cClass (C) nr5102+nsiD d§T+51o§+nr1D 625+niDrDsG§rs
2 2 2
Sp+nrsDio21+nstDi cri'!'SDlo_lp

+nrD Diog 1tnDpDg DiOSrSL+DSDl 51p+°2

. ' 2
2. Recorder (R) n03102+nsiDcobr+s162+nchs l,,S-nfm.DcD

+1D80§p+ncsDiori+nsD Diogrl+lec§p

2
#neD Dy Ohg 4 40D Dg Dy O 1 +Dg Dic;lp+o?

‘ 2 2
3" CXR n5102 +51624n1D Ubrs+lD ﬁp+nsD Cgri

. ch¢*DsDi°§ip+°”

o
s
4o Sa.g. (P)  s10241D 0f 48Dy LQFD D, ong+o§ 2

. ) 2
5. 8Situation (S) ncrioz+nr102 kncmDrO' +nchDr°6r°+503p

+norD162 +nrDch ssi+ncD Dio§81+nD D..D5 oarqi

+1D0

STCrs

+8D, U% .nD D T,

2 2 2
6. cXs nrlo%S+n1Drobrs+ic§p+nrDiobSi+nDrDio%rsi
. : 2
7. RXS n0103 gtniD °crq+102 +ncDid§Sl+nDcD1 Ocpsi
+D; 02, +0% | . |
o e 2 .~
8. ¢XRXS nleobrS+iD OLp+nD Di0¢pg1tDgD) Ogq pt0,
9., SXP i0% +Dio; +o°
. e 2
10, Iten (I) | ncr502+nrgD OnitneD, D cm+so2 +nch30§i
+nrD Dsogsl+ncDrDso%Sl+nDcDrDso§rbi
+Dsc§1p+o2
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Table 15 (continued)

Source E(MS)
11. ¢cx 1 nrso§i+nsD cgrl+so§p+ncD ogsi nDch°§rsi ]
r sip+°2 |
12, RXTI nes r,i+rstcr::;‘;',r:ﬁsc;"“t' +n°Ds°§si+nD¢D§°§rsi
D05 +02
13. CXRX1In 80C g +505 50D cﬁrsiwso?ipwg
4, Tx0p sc;fpw o§1p+o2
15. S x1 ncro§i+nrDcog gitneD,o; §Sl+nD Do, Srs o;1p+o§
6. CXSX1nro? +nD,, °2rsi+°§1p+°2 |
17. ‘R XS XIne rsi+nDc°§r51+°§1p+°2
18. OXRXSXT nof, .+ 0% p+on
19. SX1XP o2 42
20. Ercor og




Table 16

Four Randorl Factors Desizn with Tvo Repcated Measures

Source E(118)

C nr5162+n5102 +olOb+DPLO2 +niofrﬁ+1o +nrscg
+Nn80° l+sc-lp+nr02 0 g O

R n0510?+n3102 +5102+ncLo§¢+n102 v¢0’ +ncsogl
+nsc;}r.l+80‘2 mcoﬁmmogr,,lw*

CXR noio2 73102+n¢o§rs+102 +ns°6r¢ °§p+n°%rsi+°2

P s:.cr +1c52 l'sc2 +02

S ncrlogbnrlo%s+n010§S+nlc§rs+la* +ncr02
+nro§ ’n00§01+n0§rsx

CXS nr102 +nic2 +102 +nr0531kno§r31

RXS nclg2 +“*°Eps+i°§p*n°%rsl +o©

2

CXRXS nlcérs+1o"p+no§r81+0"

SXP icr +c:2

I nCPSGZFnPSOEiFnSO%rL+902 +ncro£ rnruﬁSl
+nco§“l+noor514cz

CXI od +nuo§rl+sog +n°°5$1+n°%r31+02

RXI ncscz.+nuo%ri+sc? +ncc§si+no%rs1

CXRXI nsoﬁrlkvcz +n°§rs1 +o°

IXP so? +a-

SXT ner +nro2 +n002 +n6’ P

rsi CI‘Sl




Table 16 (continued)

Source

B(MS)

CASKI
RXSXI
CXRXSXI

Residual

nrdz rncz 02

csi cr31

n002 +no§rsi+02
R P

CTSl

o2




Table 17

Degrees of Freedowm for a Four PFPactor Desizn
with Two Repeated lMeasures

Source d.r. Actual (11S)

Between ' nep--e )

l. C » ¢c « 1 ﬂg
2. R r - 1 s%
3. CXR (¢ = 1)(r - 1) Sgr
4, P er(n - 1) 55
Within ner(si - 1)

5. S g -1 | Sg
6. CXS (¢ = 1)(s - 1) Sgs
7. RS (v = 1){s - i) o
8. CXRXS (¢ =1)(r - 1)(s ~ 1) sﬁrs
9. SXP er(n - 1)(s - 1) sgp
10, I | (1 - 1) 8%
11. CXI (¢ - 1)(i - 1) Sgi
12, RXI | (r - 1)(i - 1) sk
13. CXRXI (¢ = 1)(r - 1)(i - 1) Sgri
14, IXP | er(n - 1){i -~ 1) Sgp
15. SXI (s = 1)(1i - 1) 551
16. CXSXI (¢ - 1)(s = 1)(1 ~ 1) | 52 .
17. RXSXI (r = 1)(s - 1)(i -~ 1) 3331
18. CXRXSXI (¢ = L)(r - 1)(s = 1)(i - 1) sgrsi
19. Residual cr(n - 1){s - 1)(1 -~ 1) 52

52~




= 518402 |
and  OF = 6-43(6+4:3 oF + 43 02, + 43 02 + 6°4 o2

o
2 .
+40§S+4o‘§m+u%p+63
+ 3 Uﬁp + 6 o5g; + cgrsi + o) , |
. |
of = 72(72 02 + 12 0By + 12 6 + 24 OBy + 4 05, + b o2
| + 18 °%i + 30 agri +3 °§p * 6 °§si tOepsi + °2)'
Therefore, '
r = 720% / D |
- oY | 2 2
where D = 7202 + 1202 + 1203 + 24c5y + UaS,, + Lo

Sp
+ 3o§p + 60%51 + o2

oqh) 'cﬂ‘o '

1 +3 ogpy

.2
+18°§1 + 30cpi crei T o?

- In all of the foregoing models the assumption was made that
the factors were random variables. The reasons for this
assuaption were that (1) this is the more general case and
nay be applied to g specific instance of a fixed variable
by dropping ocut the requisite number of terms throuzh
the use of the Medley and Mitzel (1963) "ground rules"
and the fact that D, = 0, ahd (2) that the assumption
of a flxed variable tends to inflate the reliabllity
calculation (Medley & Mitzel, 1963). Part of the data
'Will be analyzed in Chapter IIT under the assumption that
one of the variables was fixed and the resulting reliability
estimate was considerably higher than it would have been
had this assumption not been made.

Table 18

Variance Components for a Four Factor Desizn
with Two Repeated Measures

2 2 2 o0

| _ 2 - 2 .2 2
1. c% (=) H?%EKSQ"scr"°ci"Scs+scrs+scri+“rsi"scrsi)
2 .2 2 2 2 2
-2, c% (=) -l¢‘Sr"sri"srs”scr+scrs+scri)
3. oo (=) 5%_1Scr'sp+sistsp'scrs'scri Sergi~S
’ 2 2 2
_ 2 .2 2 2 2 _.2
5. °§ (=) “}"iss“ssi“srs”scs+scrs+scsi)

nera
~53-
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Table 18 (continued)

10,

11.

12.

o
(S}

14,

15,

16.

17.

18,

19.

oo

S ab oo I
= e LS o (o))
2]

sho
H.\

oo

ri

o 2 2 2 2
(=) l~(SCS“SOrS"Scsi+scrsi)
nri

_ 2 2
(=) —l~j”rs"scrs)

nei

= 02 012 2 ¢2

(=) -nl---j:-(“c:c's"“’.':a'p“sc:r:si""J )
2 2

= 1l (8" =g

(=) 1 (s5 ")

_ HQ“ﬂe 2 2]

(=) nc%s(oi 89191 T8rs1)

= 2 2 2 2
(=) fl~(scinscri~sr81+scrsi)

2 2 2 2
(=) —£~(sri"scri*srsi+°crsi)

o§i (=) ncr(sgi"sgsi"siﬁi+sgrsi)
cgsi (=) %Fxsisi“sirsi)

°§51 (=) %E(sisi"sgrsi)

O%rsi (=) %ﬁscrsi~32)

e (=) | 8=




CHAPTER III 3
Analysis of the Regults of the Investizgation

The SUTEC Obscervation dota were subjected to two analyses.
The first analysis dealt with the reliability of three of
the iteis which conprised the schedule while the second
analysis dealt with the reliability estinate for the
entire schaodule.

It was the purpose of the prcsent sectlon to develop
applications of some of the ideas discusced in Chapter IT.

Thug, thils chapter addresses itself nainly to the last

four questions proposed at the outset of the investization,
ghe first thrcece quegtions havinzg been discussed in Chapter
L. '

Reliabllity of Individual Items

As was pointed out iIn the procedure gection of the precedinsy
chapter, seven observers were present for each rellablility
visit to two teachers, However, only four of the sane
obgservers were present for both observations. The 1ltens
observed were teacher imobility, involvenment of chlldrein,
and irrelevant acts. Because these observations were
carried out while the schedule was beinz devised, it was
decided that an ANOVA and a reliability coefficient would
be calculated for each iten rather than for the entire
schedule. ‘

L

The anhalyses were carried out by taking the general
paradign and applying it to this specific case., The model,
in which all variables actually repregent deviations ifroin
thelr respective means, was

Xijk = Ci + Oj + Iij “+ eijk

where C; reprcsented the deviation associated with teacher
i, Oj tho deviation associated with observer j, Iij the
1nueractjon betweens teachers and observers, and ejjy the

"error" or residual terrn. Upon taking mathematicai
expectations, asswilny infinite populatlons of teachers
and observers, the result was

o§ = ¢ & c + c?o + 0@

where c§ wos the total variance for all the x observatilons,
and the terns or. the rizht of thls equation were the
respective population variances for teachers, observers,
interaction, and residual. Because the ratio, 5

F = MSeo/lScrror, which tested the hypothesis Hy: ogo = 0
had a value less than one for nobility, involvenent and
irrelevant acts, the interaction and error terms were

pooled to forir a new regidual tern, The resulting ANOVA

-55-
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Table 19
Analysis of Variance of the SUTEC Observatlion Teal Data

—
Observed MS

Source df E(MS) Mobllity F Involv, _F Irr.acts _F
7lass 1 70%+0° 4,95 6,05% 38,79 16,13%#380,6L 53, Lo
Observation 6 26§+d? 2,08 2,55 6,86 2,85 48,32 6,78%
Residual | 6 d2 .82 241 - T.13

¥p <.05

#%p < ,0L

is ziven in Table 2. In both Tables 19 and 20, o2, o&,
and oﬁ are the expected variances of the r@sidual or error
tern, “observers, and teachers or classes, regpectively.

Table 20
Estination of Variance Ccrworents of the
SUTEC Obgervation 'Teaw Data

E(11S) Mobility Involvement Irrelevant Acts
o5 (=) 1/7 (s5 - s5)° .59 5,20 - 53.36
N
e (=) 1/2 (s5 - s%) .63 2,23 20,77
P (=) s° .82 2,41 7.13
aThc sznbol "(=)" is tc read " is estimated by."
bphe terns denotc the actual rean squarces.

The overall reliability coefficlent was computed by usinzg
the fornula . N
(o
R = oy / Oy

where 01 and 02, the true and total variances, respectivély,
were dei'ined by Medley and Mitzel (1963). Here,

' 2 2
OT = (qu) (62) and oy = (qjr o§ +qr oﬁ + 0)




where q is the number of observation records, r the number
of situvaticng, and j the number of iftems, Therefore, here,
o% = (T+1.1)2 oz = ﬁ9 Ug and
| , . 5 2
0% = (7:1-1) (7:1.1 o + 7105 + o)
= U9 c% + 49 cg + 7o

If the data are analyzed only for the four observers who
were present duringzg both reliability visits the observer

factor nust be treated as a,'fixed" rather than a "randonm" .

factor, Accordingly,zthe 05 component of oﬁ 13 zerc, .and
0%a= (qir)(qir 08 + o). Furthermore, the hypothesis Hyt
Ty = O, teated by the ratio F = MSo/MSeppops yielded
vaiues of one or less for all %three itens and therefore
this factor was pooled with the error tern, The resulting
ANOVA and estination of variance components Tfor these data
are ziven 1in Tables 21 and 22, respectively,

Table 21
ANOVA for the Four Observers Present
During Both Observations

—_— S
' ' | Observed MS

|
|

oo

Source  @f E(MS) Mobility F Involv, F Irr.pcte. F

Class 1 U4o5+0® 6.13 6.39% 21.13 6.76% 180.50 10.08%
Residual 6 ov'2 .96 3.13 17.92

¥ .05

mable 22
Estination of Variance Components for the Four
Observer Present Durinz Both Visits

A ———— No—
AR > —e— ——

i

E(MS) Mobllity Involvenent Irrelevant Acts
A (=) 1/k (52 - 5%) 1.19 4.50 40. 65
0® (=) s® . .96 3.13 17.92

-57=
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The appropriate values for o- and c'2 were calculated and
are given in Table 23, Thesé valuc8 were used to
calculate the overall reliabilify coefficlents for the
entire obgervation tcam. These were r (mobility) = .72,
r (involvenent) = ,67, r (irrelevant acts) = .69 aad the
corregponding coefficlents for the four observers present
during both observations were r (mobility) = .84, r
(involvement) = .85, r (irrelevant acts) = ,90. Clearly,
then, one way to increase reliabllity would be to
naintain the samne observers througzhout--a finding in
cotiplete agreenent with conrion sense and the previously
clted literature,

Table 23
Variances and Correlations for the Entire Observation Tean
and the Four Observers Pregsent During Both Observations

Moblility Involvenent Irrelevant
Acts

Variance Tean 4 Observers Tean 4 Observers Tean 4 Observers

o% 26.41 20,67 254,68 72,00 266&.56 650.33

ok 36,57 24.50 380,58 84.50  3848.37 T22.00
R .72 .84 ey .85 . .69 .90

The calculated r's indicated that 28%, 33% and 31% of
\ the variance was attributed to factors other than teachers
for mobility, involvenent, and irrelevant acts,
respectively. By couparing the observer and residual
variances it was found that 12.2% and 15.8, 15.9% and
17.1%, and 20.4% and 10.6% of the variances were due to
observers and resgidual or errors for nobility,
involvement, and irrelevant acts respectively.

The finding that the variances due to different teachers
* ranzed from .67 to .72 indicated that the observation
schedule differentiated between teachers on the variables
investigated. Furtheriore, in two of the three cases
less than 16% of the variance was due to observers while
in the third case approximately 20% of the variance was
due to observers, This latter finding indicated a need
for intenslfying the training procedures of the observers
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on this factor, or the sharpening of the definiticon of
this variable, or both.

As was indicated in Chapter II, fixed factors tend to
inflate the reliability estimate and the average increase
in r for the four observer case over the seven observer

1 situation was .17. Besides the obvious rationalization,
fhis was due to the fact that the denomnilnator of r
decreased nore quickly as a result of the removal of the

| "fixed" factor., However, why irrelevant acts, the nost

) | subjective category yielded the hizhest r for the four

| observer situation still remains to be investizated.

Reliability of the Entire Schedule o

Since each teacher was observed by an observer tean
peculiar to himself, the model was considered a partially
hierachical design. That is, each observer tean had the
sarie nuriber of observers but not necessarily the sane
observers and therefore the observer tean factor was
nested under the teacher factor, If teachers were factor
A, observers factor B, and items fastor C, B would be
nested under A. Assuning that there were n scores on each
item for each teacher per observer the souPces of
variation, degrees of freedom, and expected nean squares
were as given in Table 24 (Winer, 1962) where p, q, and

r were the numbers of teachers, observers, and items
respectively. |

The Dy, Dg, and Dp terms are equal to 1-p/P, 1-¢/Q, 1-r/R,
respectively, where the p and P, q and Q, and r and R are
the sample and population parameters of teachers, observers,
and itens, respectively. Each of these D's is either 0 or
1 depending on whether the corresponding factor iz fixed

or randoii.

As was pointed out by Medley and Mitzel (1963), the
assignnent of a variable as fixed tends to reduce the
error of neasurement and hence inflate the reliability.
Therefore, the agsuription that a variable is fixed should
be based on sound reagons. A rule of thumb for selecting
which factors are fixed and which are random is to decide
whether other elements comprising the factor might have
been used, and if so, then the factor is randon (Medley
& Mitzel, 1963). For exanple, il no observers other than
the ones actually employed could have been used '
satisfactorally, then the observer factor would be fixed.
Since there are always other teachers and observers
available, theoretically anyway, these factors are usually
considered randon factors. These 1deas are consonant
with the definitions given in Chapter II of this

] investigation,
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f Table 24
‘Sources of Variation, Degrees of Freedoil, andé Expected
Mean Squares for an ANOVA Design with Factor B
Nested Under Factor A

BRL

Source of Variation dr E(MS)
2 oA 2
A p-1 nqraéfnquob+anrch
2
+1Dy Dy, O o +07 )
BUW. A p(qg-1) nroc+nD 02'+o
b r bc2 e o 5
2
C r-1 “pq0b+”qu°éc+an°bc+°é
-, ) 2 i o2 arg?
AC (p-1)(r-1) nqoac4ancbc+de
)
(BW.2)XC p(a-1)(r=1) no? +o?
Within pyr(n-1) o2

More precisely, as p, ¢, and r, the number of the sarple
elenents, approach the values of P, Q, and R the nuwiber

of elements in the population, the ratios p/P, q/Q, and

r/R approach a value of one and therefore DD, Dys and Dp
approach zero, If zeros are substituted fob thg D's

the number of factors contained in the expected mean

squares shrink and thus the reliability is increased

because the denoninator of the fraction which defines
the reliability coefficient is decreased.

The model 1s also applicable even when there is only one
score per lteil per observer for each teacher. In this
cagse the model is the sarie as in Table 24 with n=1 and
the within source of variation rermoved., If all factors
are random and omes are substituted for.the D's the
riodel now ylelds an error tern of o2 +og (Uiner, 1962).
The remalning expected nean square values follow in a
siililar fashion. To simplify the model still further the
Medley and Mitzel (1963) procedure may be utilized.
According to this procedure, the last term in the cource
of variation coluan, the residual, is considered %o be
the error term and is denoted by o; rather than o§0+c?.

¥ The simplification of the error term and the substitufion

: of ones for the n and the D's result in the expected nean
squares shown in Table 25,
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The.only major difference between the Vinep (1962} and
Medley and Mitzel (1963) approach occurs in the F ratio
testing the nain efrects of Factor A. This particular
F ratio utilizes the nested factor B as its denoriinator,
and has a larger expected riean square ter:i in the
siriplified version than is called forp by Viner (1862).
The difference between the rnodels is due to the o >eril,
This therefore neans that a significant P ratio testing
the hypothesis 02 = 0 in the simplified Version would
certainly be sighificant accordinz to Winer (1962). Since
s, gge other two F ratios testing the hypotheses cg = 0 and

' = 0 use the residual expectad mean square as
g8fioninators, both the Medley and Mitzel (1963) and Winer
(1962) approaches yield the same F values in these two
cases,

Table 25
ANOVA Design with Factor B Nested Under Factor A,
All Factors Randon, and n = 1

|

e ey

D —

Source of Variation af E(MS)
A )1 roz rcg + 02 +02
| | P=-d Aro "% (a)*t2%
2 2
(N - J. +0
B V.4 p(q-1) TY () °
- 2
C | r-1 pqoc+q0éc+c'
AC (p-1)(r-1) qo§c+02
Residual p(q-1)(r-1) o?

There are actually two honogenelty assurptions implied by
the nodel. The first is that the source of variation due
to B(A) represents the pooled variation of. observers
within teachers. The second results from the fact that the
residual teri is actually the B(A)XC interaction term and
represents the pocling of different sources of varilatilons.
The honogzeneity asswaption here is equivalent to the
assuaption that the correlation between items is constant
within each of the teachers.

Three teachers were cbserved once throuzh a one way glass
by three different observer tearis, FEach observer tean
contained seven nenbers, but sone of the observers were
not the same throuszhout ail the observations and therefore
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the teans were considered diffcrent.

In line with thec earlier discussion of random and fixed
variables, the teacher and observer factors were considered
randon factors, but becausae the observers were instructed
to disrezard all behavior other than those on the
observation schedule the itens were fixed. Accordinzly,
the oicbern in the first and third lines of Table 25 were
droppe8 frorm the expected mean squares for teachers and
itens, respectively. The actual and expected mean squares
for this specific situation in which p=3, q=7; amd r=7 are
given in Table 26,

Table 26
Analysis of Variance of an Observation Schedule
Contalning Seven Items and Using
Three Observer Teans and Three Teachers

Source of Variation df E(MS) Observed (MS)
o 2 2 2 2 _
4 (Teachers) 2 490a+ob(a)+0‘ s; = 42.05
- 2 2 . A [E
B{A) (Observer 18 702, yic s = 6.66
within Teachers b(a) b(a)
. 2 >
C (Itens) . - 6 2l +0 se =340.20
- 2 2 2 .
AC 12 7Céc+0 Sac = 56,42
Residual 108 62 52 = 2.90

The general set of linear equations which must be solved

to find the estimated variancercoiponents is constructed '
by setting the estimated mean square termns equal to their
correcponding observed nean scuares. The resulting linear

equations are then solved simaltaneously. Table 27 gives

the particular set of linear .equations for the specific

case listed in Table 26 and the resultinz estimated values

of the variances for each factor.

The three hypotheses oi = 0, 02 = 0, 020 = 0 were all
rejected because their respective E_va%los,
Fga = NS, / Msb(a) = 6.31,

Fo = MS¢ / MSpesidual =117.38,
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Fac = MSye / MSpes1dual = 19-47,

were all siznificant at the .01 level. The appropriate

df''s are ziven in Table 26. The rejection of these three
hypotheses indicated that the scale does differentiate
between the teachers and the itens, and that there was a
significant interaction between these two non nested factors.

Table 27
Estinmation of Variance Components for an Observation
Schedule Containing Seven Iters and Using Three
Observer Teams and Three Teachers

o§ (=) Eéﬂsi - Sg(a)) = .72
oi(a) (=) %‘Ss(a) - %) = .5k
°§ (=) E%KSE - §%) = 16.06
°§c (=) %ﬂszc -s) = 7.65 ;
(=) P - 2.90 ~*

Tiie overall reliability coefficient (Medley & Mitzel, 1963)

is equal to
2 2
. Ryx = % / % , . |
o . ~ /
Here, op = (qr)2 ol = (1-7)2 o, = w9~ (.7222) = 1734.00,. ,
2 2 2 2
and oy = qr (qrog + roy(g) * qoic + o)

=~ (7.7) [(7-7) (.7222) + 7(.5376) + 7(7.6460)
+ 2.8983] = 4682.99. \
Thercfore, R, = 1734,00/4687.99 = .37 “-*

The .37 rellability coefficlent indicated that 37% of the
variance was attributable to the teacher factor and 53%
of the variance was due to the items, interactions, and
residual factors. An evamination of the ratio of the
variances due to teachers and observers, the factor nested
under teachers, indicated that 21.2% and 15.8% of the
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, component of the total variance due to teachers was due

to teachers and observers, recpectively, A similar
calculation for the other factors comprisinzg the remalning
! 63% of the total variance yielded values of 38.0%, 18.1%
and 6,9% for the items, interaction, and error or

residual termg, respectively.

The proposed model did pernit the partitioninz of the
variance agsociated with an observationagl schedule into
its component parts and the calculation of an overall
religbility coefficient. In the particular case To which
the model was applied 75% of the variance was due to
teachers and items, each of these two factors contributing
equally to the total variance. Only 1%5.8% of the total
variance was due to observers; the factor nested under
teachers. These facts permit one to conclude that the
variance due to different observers beinz used was
considerably smaller than that due to the different
teschers as they were observed on the various types of
behavior represented by the items of the observational
schedule., ‘

That the items accounted for the sinzle larzest source of
variance was probably due to the very different elenents

of behavior beinz observed. For example, materials present
required very 1little Judzment on the part of the observer,
while involvement of children required a great deal of
judzment,

As a result- of this reliability study sone confldence can
be placed in the observation schedule's ability, as used

by this observation team, to differentiate between teachers.
A well trained teanm nizht therefore be used to observe
teachers who were trained at varioug institutes or under
different conditions at the same institution for the
purposes of comparison, The data could then be analyzed

and if differences existed, the superiority of one nethod
of teacher training over another could be inferred.

The data could also have been analyzed using a repeated
measures declgh as was pointed out earlier. This analysis
yieldeu exactly the sane information, resulting from the
nested design used here. Verification is left as an
exercise for the interested reader.
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CHAPTER IV
Coniclusions and Recormendations

Cong¢lusions

This 1nvestization sought to develop and apply analysis of
variance techniques to the estimation of the reliability
of cbservation schedules.

The investization placed special emphasis on the different
possible desizns and the various adninistrative situations
under which they mizht be applied. The application of

thg zeneral model to a specific instance was then carried
out, -

The study was conducted with 10 recorders who observed
five teachers throuzh a one~way mirror and rated then
on an observational schedule. This procedure was
followed for each of three of tle iten catezories
conprising the schedule and for the entire schedule, 1In
the filrst instance, two teachers were observed by teans
of seven recorders. In the second sltuation, three
teachers were observed by teans of seven recorders.

The materials used in this investization was the SUTEC
Observational Schedule which contained seven itens. The
observations for the estination of rellability were all
carried out at SUTEC.

Analysis of the daba revealed that the overall reliability
coefficient was .37 and that .72, .67, and .69 were the
reliability coefficients for the mobility, involvement,
and irrelevant acts itens, respectively. When the
observer factor was treated as a fixed factor the iten
reliabllities became .84, .85, and .90, respectively.
Seventy-five per cent of the variance was accounted for
by teachers and itemns for the overall reliability
catculation, while approximately T70% of the variance was
attributed to the teacher factor for the individual itenm
reliabilities,

At this Juncture, it nust be pointed out that the
application of the ANOVA technique to the SUTEC data does
not even exhaust the few desizns described earlier,
Rather, this application was meant as an illustrative
examnple of the wide ranze of possibilities which nore
accurate reliability calculations of observational data
Inake possible,

Once reliable observations are possible, these types of
data which may have been considered rather subjective will
no longer be aveided by research workers. The
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respectability of observational data which may result has
ramifications for a number of areas such as teacker
supervision and training. However, any situation in which
observations may be used is actually an area in which

the reliability of the data may be calculated as indicated
earlier in this paper. It may therefore be possible to
utilize observational data in such disparate fields as
educational psychology, industrial psychology, and social
psychology.

The obvious areas of educational psychology such as teacher
supervision and training have been stressed throughout

this paper. Other aspects of school situations, particularly
observations of children's behaviors during the teaching-
learning situation as well as classroom and playground

social interactions may now be studied.

Areas of industrial psychology, such as the behavior of
workers under different conditions, market rescarch, and
behavior during labor disputes and labor negotiations may
come under more rigorous study through the use of reliable
observations. Some social psychologists might find
obseprvations to be a fruitful way of studying such diverse
phenomena as mob reactions, school disorders, and the
behavior of juries.

Clearly then, the work presented in this paper has
ramifications for many fields. The application was specific
to a pedagogical situation because the problem first came

to the attention of the investigator in an educational
context in which the data generated was related to an aspect
vl teacher training.

The major conclusions, presented within the limited scope

of this investigation, were that different variance
components models could be applied in different situations
to estimate the reliability of eitner the entire observation
schedule or parts of it, and that the items comprising the
SUTEC schedule did differentiate fairly well between
teachers,

Recommendations

The results of the present research prompted the following
recommendations:

1. Construction of Computer programs to analyze observational
data gathered under the various models described herein.

2. Extension of the models to situations in which an unequal
number of observers, items, or situations were used without
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requiring that some of the data be randomly discarded. This
might be possible through an unweighted-means or a least-
squares sclutions analysis.

3. Investigation of the paradigms presented as a possible
means of determining the homogeneity of the items comprising
a schedule or proposed schedule.

4. Field testing of the different models simultaneously to
permit comparison of the results. If the differences in the
estimated reliabilities are slight, the simplest
administrative procedures could then be adopted as the
standard.
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APPENDIX

School University Teacher Education Center

P.S. 76 and Queens College Education Department
36-36 Tenth Street
Long Island City, N. Y. 11106

School Teacher
Grade Date
Observer Time

Developed for use in the SUTEC project, November, 1967 by
Elaine Chapline, Ph.D. and Theodore Abramson, M.S.
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‘Attachment 1

SUTEC Observation

Nunber of children in class___

L

ROOM SiHETCH

Pront :

Rear

Indicate positions of (W) windows, (D) door(s), (TD)
teacher's desk, (CD) children's desk, in groups, (Si}
special interest areas,

Teacher nobility is indicated by marking teacher position
on the roomn sketch during the second five ninutes of each
activity., Use an ordered palr to work each position,

i.e, 1,1=first activity, position one
1,2=0irst activ .¢y, position two, ete.
2,1=second activity, position one
2,2=gecond activity, position two, ete,
3,1=third activity, position one, etec,
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‘Attachment 2

Involvenent of Children

, Activity Scale
1. : _ 1., Uninvolved
; 1 2 3
t 2. Moderately
2. involved
| 1 2 3
1 3. Highly
E - 3. involved
| T 5 3
4 -
1 2 3
5.
T 2 3
6. B
T 2 3
-T2~




Attachment R

Materials Present In Use
1. Chalkboard 1.
2. Bulletin board(s) 2.
- 3. Maps, charts, or pictures 3.
4, Visual Aids (films, ete,) b,
ﬁé. Audio Alds (records, etc.,) 5.
76. Text 6.

T. ZTibrary naterials, magazines T

€. Arts and crafts 8.

9. Play materials (dolls, blocks, 9.
ete.,

10. Science equipment (fish tank, 10.
etc.

11l. Commercial supplenental 11,
naterials (games, rex. sheets,
workbooks, prozraivied
materials, etc,)

12, Teacher nade supplenental 12,
naterials




- teacher is directinz an activity for either the total

Attachnent 4

This observation of behavior should be used when the

class or a subzroup. Keep these tallies for 5 minutes,
l.e. the third 5 ninutes of an activity. IHote 1f the
time sample is other than 5 ninutes.

Tallies | :
Activities ;
Categzories R = 3 by ¥ 5 | 6
I
II
i
IIT %

Definitlons of Categories:

I: A child talks or noves relevant to the activity
wlthout the teacher's direction or permission,

II: Teacher calls on child as a result of "hand raising"

by child.

III: Teacher calls -on child without prior "hand raising"
: by child.




Attachnent 5

Child No, of Irrelevant Acts Sex Totals

O 0O N O 1 & W NN =

SR SR
N O H O

Find the child nearest to you ané observe hin for 2
ninutes. Record each irrelevant act with a tally.
Find the third child from the one just observed and
record his irrelevant actions for a two ninute
period. Continue, until six chlldren have been
observed, for a total of 12 minutes,

10:15 AM
2:15 P4

Continue fromn last chlld until six niore children
have been observed. Children may be repeated if it
is their turn on the second zo-around.

-75-




